


Old Fashion Will~QO~ 

in the 
Our 6800 computer system repre 

sents the best value available today, 

with no sacrifice in performance . 

I would like to explain why thi s is 

true. The most basic reason is that 

the 6800 is a simpler, more elegant 

machine . The 6800 architectUl'e is 

memory oriented rather than bus 

oriented as are the older 8008, 8080 

and Z-80 type pl·ocessors. This is an 

important difference . It results in a 

computer that is far easier to program 

on the more basic machine language 

and assembly language levels. It also 

results in a far simplel' bus structul·e. 

The 6800 uses the SS-50 bus wh ich 

has only half the connections needed 

in the old S-100 (IMSAI / MITS) bus 

system. If you don't think this makes 

a difference, take a look at the mother 

boards used in both systems-com

pare them. The SS-50 system has 

wide, low impedance 0.1 lines with 

good heavy, easily replaced Molex 

connectors. The S-100 bus, on the 

other hand, has a very fine hair-like 

lines that must be small enough to 

pass between pins on a 100 contact 

edge connector. I'll give you one 

guess which is the most reliable and 

noise free. As for cost-well any of 

you who have purchased extra con

nectol's fOl' your S-l 00 mach ines know 

what kind of money this can run 

into. The 6800 is su pplied with ~ 

mothel' board connectors. No extras, 

or options like memol'y, or con

nector s for the mother b03rd al'e 

needed in our 6800 system. 

The 6800 is not beautiful , but "Oh 

Boy" is it functional. That plain 

black box is strong and it has an 

annodized finish. This is the hal'dest, 

toughest finish you can put on alu

minum . Most othel's use paint, 01' 

other less expensive finishes. The 

6800 does not have a pl'etty front 

panel with lights and multicolor sw it

che s. This is becau se the lights and 

switches are not only expensive, and 

unnecessary, but also a great big pain 

to use. We don't crank up the 6800; 

we use an electric starter-a monitor 

ROM called Mikbug . He automatical

ly does all the loading for you with

out any time wasting switch flopping. 

So in the 6800 system you don't buy 
something expensive (the console) 

that you will probably want to stop 

using as soon as you can get your 

hands on a PROM board and a good 

monitol·. 

Tradition 
That's another thing. MikbuglBi is a 

standard Motorola part. It is used in 

many systems and supported by the 

Motorola software library in addition 

to our own extensive collection of 

programs. It is not an orphan like 

many monitor systems that are uni

que to the manufacturer using them 

and which can only run software pro

vided by that manufactu ~er. Check 

the program articles in Byte, Interface 

and Kilobaud. You will find that al

most all 6800 programs are written 

for systems using a MikbuglBi monitor. 

Guess how useful these are if you 

have some off-brand monitor in your 

computer . 

The 6800 will never win any beauty 

prizes. It is like the Model "T" and 

the OC-3 not pretty, but beautiful 

in function. It is simple, easy to use 

and maintain and does its job in 

the most reliable and economical way 
possible. What more could you want? 

Mikbug ® is a registered trademarll 
of Motorola Inc. 

Computer System 
with serial interface and 4,096 words 
of memory .. .. ... . ... .. . $395 .00 

r---------------------------------------------------------------. 
o Enclosed is $395 for my SwTPC Computer Kit o Send Data 

o or BAC __________________________ # ________________ __ 

o or MC ______________________ Ex Date _____________ _ 

NAME 

A DDRESS 

CITY STATE ZIP 

Southwest Technical Products Corp .. Box 32040, San Antonio. Texas 78284 



Ileet the most powerful 
j.lC syste:m available for dedicated work. 

Yet it's only $595: 

Here's the muscle you've been telling us you 
wanted: a powerful Cromemco microcomputer in a 
style and price range ideal for your dedicated com
puter jobs - ideal for industrial, business, instru
mentation and similar applications. 

It's the new Cromemco Z-2 Computer System. 
In the Z-2 you get all of the following for only $595: 

• The industry's fastest ,uP board (4 MHz or 250-
nanosecond cycle time). 

• The power and convenience of the well-known 
Z-80 ,uP. 

• A power supply you won't believe (+ 8V @ 30A, 
+ 18V and -18V @ 15A. That's not only ample 
power for a full set of cards but ample additional 
power for other peripherals such as floppy disk 
drives). 

• A full-length shielded motherboard with 21 card 
slots to ~et you plug in almost any conceivable 
combination of memory, I/O or your own cus
tom circuits. 

• Power-on-jump circuitry to begin automatic pro
gram execution when power is 
turned on. 

• The 5-100 bus that's widely 
supported by a hostof pe
ripherals manufacturers. 

• All-metal chassis and 
dust case •. 

• Standard rack-mount style construction that's 
usable with a variety of cabinets and is upward 
compatible with larger systems. Bench cabinet 
optional. 

• Card retainer to secure cards in sockets under all 
conditions. 

• 110- or 220-volt operation. 

DEDICATED APPLICATIONS 
The new Z-2 is specifically designed as a powerful 

but economical dedicated computer for systems 
work. Notice that the front panel is entirely free of 
controls or switches of any kind. That makes the 
Z-2 virtually tamper-proof. No accidental program 
changes or surprise memory erasures. 

(For your custom work, Cromemco will supply 
blank panels.) 

4 MHz SPEED 
Crbmemco's microcomputers are .the fastest and 

most powerful available. The 4 MHz speed of the 
Z-2 means you get about twice the speed of nearly 
any other microcomputer. 

(continued on next page) 



Full-width motherboard 
has slots for 21 cards. 
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Z-2 is supplied for rack mounting. 
Attractive bench cabinet shown is 
also available. 

Heavy-duty retainer bar insures that 
cards won't jostle out of sockets. 

That 4 MHz speed cuts running time in half - cuts 
your waiting time in half. Lets you do more sophisti
cated work that might not otherwise be practical with a 
microcomputer. 

Z-80 GIVES MORE COMPUTER POWER 
The Z-2 uses the powerful Z-80 microprocessor with 

its ,158-instruction set, 19 internal registers, 10 address
ing modes, and 16 bit arithmetic operations. 

The Z-80 is widely regarded as the standard micro
processor of the future. So you're in the technical fore 
with the Z-2. But you can also plug in other micro
processor boards if you wish. 

BROAD SOFTWARE SUPPORT 
Since the Z-2 uses the Z-80, your present 8080 soft

ware can be used with the Z-2. In addition, Cromemco 
also offers software support including a monitor, assem
bler, and a BASIC interpreter. 

STANDARD S-100 BUS 
nie Z-2 uses the 5-100 bus that has become standard 

in the microcomputer field. Dozens of manufacturers 
support it with compatible peripherals. 

Of course, all Cromemco peripherals such as our 
7-channel A/D a'nd D/A converter, our well-known 
BYTESAVER with its built-in PROM programmer, our 
color graphics interface, etc., will also plug into the bus. 

LOW NOISE 
Cromemco engineers have been careful to design ' 

the Z-2 for reliable operation at its fast 4 MHz speed. 
Noise on the motherboard, for example, has been care
fully minimized by a unique ground-plane design (we 
call it our 'Blitz BusT""). With this bus you won't get 
erratic operation due to ground current noise. 

RACK OR CABINET MOUNTING 
The basic Z-2 is supplied in a black-anodized metal 

case for mounting in a standard 19-inch relay rack. A 
high-quality stylized bench cabinet in an attractive blue 
color is also available. 

KIT OR ASSEMBLED 
You, can get the Z-2 either kit or assembled. The kit 

includes the Z-2 for rack mounting, the Cromemco 
4 MHz microprocessor card, full-length 21-card-slot 
motherboard, power supply, one card socket and card
guide set, and front panel. 

The assembled Z-2 includes the above as well as all 
21 sockets and card guides and a cooling fan. 

LOW, LOW PRICE 
All who've seen the Z-2 have been surprised and 

impressed with its low price. 
You'll be impressed, too, with its technical excellence 

, and quality. 
So see it right away at your computer store - or order 

now directly from the factory. 
The sooner you put this advanced computer to work 

for you, the sooner you'll be solving problems and 
saving time/money. 

Z-2 Computer System kit (Model Z-2K) _ • ... $595. 
Z-2 Computer System assembled 

(Model Z-2W) .... . .. .. . . . . .. . . ... . ... $995. 

Cromemeo 
incorpora ed 
Specialists in computers and peripherals 
2432 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 • (415) 964-7400 
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BYTE magazine is published 
monthly by BYTE Publica
tions, Inc, 70 Main St, Peter
borough, New Hampshire 
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$12 for one year, $22 for two 
years, $30 for three years in 
North America. Second class 
postage paid at Peterborough 
New Hampshire 03458 and at 
additional mailing offices. 
Phone 603-924-7217. Entire 
contents copyright © 1977 
BYTE Publications, Inc, Peter
borough NH 03458. All rights 
reserved. Address editorial cor
respondence to Editor, BYTE, 
70 Main St, Peterborough NH 
03458. Opinions expressed by 
authors are not necessarily 
those of BYTE magazine. 

Address all subscription cor-
respondence to: 
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In This 

Many peop le who pl ay with com
puters have seen a vers ion of that we ll 
know n game, " lunar lander." Much 
has been written about different ver
sions of th e game in books and other 
publications. In hi s art icl e, KIM Goes 
to the Moon, Jim Butterfi eld adds one 
more chapter as he describes not only 
a version of the game, bu t also th e 
logic beh ind his part icu lar deve lop
ment of a lunar lander program to f it 
the limited resources of a sin gle board 
comp uter. 

Are yo u thinking of addi ng a hard
copy device to yo ur microprocessor 
but can't afford the price that is 
required? Well, there are a lot of o ld 
Baudot type te lep rinters out th ere 
wh ich have plenty of use left in them. 
Michae l McNatt desc ribes so me of 
these devices that al·e availabl e o n the 
surplus market today in hi s arti cle, A 
Guide to Baudot Machines: Part 1, 
Description of Available Devices . 

Watch out fo r complicated inter
personal situations. Your computer, if 
it is found out, could lead to events 
reminiscent of a jai alai fronton at 
mid ga me, as you' ll find out by read
ing Steve Ciarcia's humorou s account 
of Having a Private Affair With Your 
Computer. 

Tom Pi ttman's Tiny BASIC lan
guage provides both the novice and 
experienced programmer with a 
vehicle fo r convey ing thoughts from 
the flowch art stage to working pro
grams quickly and effic iently. T iny 
BASIC is a language that can be 
quick ly mastered by the novice, ye t 
has enough vari at ions to satisfy the 
expe ri enced programmer. I n the articl e 
A Review of Tom Pittman 's Tiny 
BASIC, Ri chard Rosner deta il s what 
ab ili ties the language provides. He also 
gives a fi ne exa mple of the type of 
progra mming which can be acco m
pli shed in one short evening using such 
a high leve l language. 

Waitin g for a slow audio tape in te r
face is one of the annoy ing as pects of 
sta nd alone computer sys tem s without 
much in the way of mass sto rage 
peripherals. In thi s issue, find out how 
you can run a Southwest Technical 
Products Corporation AC-30 tape 
interface at four times its usual rate in 
the art icle on A Software Contro ll ed 
1200 bps Audio Tape Interface. This 
same interface can incidenta ll y be I·un 
at 300 bps to read I<ansas City 
(BYTE) stand ard tapes fo r wh ich the 
AC-30 was in tended. 

For so me time there has been a 
mys tique associated with the phrase 
"artificial inte lli ge nce. " The mys te ry 
often li es in defini ng what it is . If we 
take th e defin ition offe l"ed by TUI·ing 
as "ab le to mimic the behav iour and 
dec ision mak ing of a human," the n we 
are using art ifi cial intelli gence every 
time we pl aya simp le computer ga me 
such as nim . In hi s arti cle Artificial 
Intelligence, What Is It?, Rich ard L 
Rosenbaum di spels some of the 
mystique that surround s artificia l in 
te lli ge nce, by mea ns of some in tro
ductory background in format ion . 

No system is tru ly co mpl ete with
out some sys tems software to help yo u 
create persona li zed so ftware app li ca
t ions. But if memory is limited, how 
can yo u accomp li sh minimal funct ions 
such as assemb ly of programs? One 
way for 6800 use rs wi th 4 K bytes or 
more is desc ri bed in Jac k Emmerich s' 
art icle on Designing the "Tiny Assem
bler ." In thi s first pal·t, he describes 
the necessa ry prelude to such a design: 
Defining the Problem. (I n our next 
issue, the artid e continu es with de
tail ed information , objec t code and 
some com ments on custo mi za tion to 
individual circumstances.) 

Learn about Esta blishing the CHU 
Dynasty in you r loca l co mpu ter club 
by reading Steven B Gray's so mewhat 
tongu e- in- c h ee k arti cle ... 

4 

About the Cover . .. 

April Fool! This cover dep icts a 
working (believe it or not) computer 
ca ll ed "Sp ider," which was first seen 
in a black and wh ite shot in our 
August 1976 issue. The co mpu te r was 
bui lt by Roger Am ido n, and this color 
print was taken by Marj Kir k" For 
those who missed the August issue, the 
method of construction for th is 12 bit 
mini was to wire poin t to point be
tween small circuit cards. Th e Niagara 
Falls effect of spil ling off the tabl e 
was du e to a wayward cat. 

Wh o is Pl ex itus? He's the ma in 
characte r in E E Barnes' hyste ri ca l 
account of a jinxed Roman named 
Pl ex itu s who is cred ited with the 
in vention of flight, creat ion of the 
wmd idiot, and last (but hard ly least) 
the in ve nti on of the computer. Early 
Indications of Technology in Roman 
Military Arts or Plexitus is a most 
in te restin g fict ionp.1 his to ry. 

Sc ience fict ion has long been th e 
mainstay of peop le who Me interes ted 
in the frontiers of the future, the 
possibi li ties of tomorrow's techno logy 
today. But li ving in the world of today 
has made much of yesterday 's sc ience 
ficti on ordinary OCC UITence. And so me 
of today's tec hnology hasn't eve n been 
touched upon by sc ience f ict ion 
writersl Henry Me lton's essay, Why 
Aren 't There Any Altairs on Arcturus 
II ?, co nce rn s the cur ious absence of 
personal computers in th e works of 
science fict ion, a srna ll discrepancy in 
the vision of our prophets ... 

In thi s issue, we conclude the three 
part ser ies about Omega Navigat ion 
with Mini-O with Ri chard J Salter 's ar
ti cle on th e software used to drive the 
hardware described in Ralph Burhans' 
ar ticl es. In Richard's article yo u'l l find 
out how to use a 6502 processor to 
measure Omega phase di ffe rences, and 
as an extra bonus, how to ca li brate a 
loca l clock in yo ur lab with the Ce
sium atomic clocks used by the Omega 
syste m. 



Undoubtedly ANON was talking 
about some of today 's PC computers. 
Exciting as they may be , most of them 
give you a few surprises you really don't 
need. 

fur example you have the board all 
wired , and suddenly it occurs to you, 
"Where's the TV interface?" 

Surprise! (The TV interface is extra 
and costs $200 plus .) 

" And the keyboard interface
where's that?" 

Surprise! (Add another $ 185 ex tra.) 
" How about an audio cassette inter

face so you can store and enter low cost 
programs and large amounts of data?" 

Surprise! (Add $175 more.) 
"And what about software?" 
Surprise ! (Each program will cost 

you $20 plus.) 
See what we mean? 
The new Sol PC Terminal Com

-p\J\el. "'S a complete kit, hardware, 
software and no surprises for $475 . 

It 's the first small computer con
ceived as part of a total system. 

Not only do you get everything you 
need , but our systems approach is more 
economical, too . The $475 kit (fully as-

sembled and tested , $745) includes a ll of 
the fo llowing as standard features: 

Video display interface. 
Keyboard interface. 
Audio cassette interface. 
8080 microprocessor. 
512 eight bit bytes of PROM on 
a plug-in personality module. 
2048 e ight-bit words of RAM. 
A 1024 character video display 
generator. 
Serial and parallel interfaces for 
connection to external devices and 
an edge connector for memory 
expansion. 
Optional ex tras include a power 

suppl y, video monitor, ASCII keyboard, 
wa lnut case, floppy disk system , high 
speed paper tape reader, PROM pro
grammer, and co lor graphics interface. 
We also have a library of low cost soft
ware that's the best and most extensive 
in the industry. 

In short, you get a complete, 
powerful, small computer and smart 
terminal that's fu lly expandable to a larger 
So l system , as yo ur requirements grow. 

Surprises are great at Chri stmas
time. But when yo u' re opening the box 

of your new computer kit, you want 
everything you need to be there. 

And with Sol, it is. 
To order or to get more informa

tion write Processor Technology, 6200 
Hollis SI., Box B, Emeryville, CA 94608 . 
(415) 652-8080. 

The 
Sol PC Terminal 
Computer 



How I Was Born 300 Years 
by Carl Helmers 

Articles Policy 

BYTE is continually seek
ing quality manuscripts writ
ten b y individuals who are 
applying personal systems, or " 
who have knowledge which 
will prove useful to our 
readers. Manuscripts should 
hav e double spaced t y p e
written texts w ith wide mar
gins. Numbering sequences 
should be maintained sepa
rately for figures, tables, 
photo s and listings. Figures 
and tables should be prov ided 
on separate sheets of paper. 
Photos of technical subjec ts 
should b e taken with uniform 
lighting, sharp focus and 
should be supplied in the form 
of clear glossy black and white 
or color prints (if you do not 
have access to quality photog
raphy, items to be " photo
graphed can be shipped to us 
in many cases). Computer 
listings should be supplied 
using the darkest ribbons pos
sible on new (not recycled) 
blank white computer forms 
or bond pape r. Where possible, 
we would like authors to sup
ply a short statement about 
their background and exper i
ence. 

Articles which are accep ted 
are t ypically acknowle dged 
with a binder check 4 to 8 
weeks after receipt. H onorar
iums for articles are based 
upon the technical quality and 
suitability for BYTE's reader
ship and are typically $25 to 
$50 pel' typeset magazine 
page. We recommend that 
authors record their name and 
address information redun
dantly on materials submitted, 
and that a return envelope 
with postage be supplied in 
the event the article is not 
accepted. -

Ahead of My Time 
It stal"ted late last summer, the fil"st of 

the rumms and innu endos. Someone wa lked 
up to me and said words to the effect of 
"you know, Carl, Al"thul' C Clarke writes 
well about yo u .. . . " How would you feel if 
someone walked up to you and made such a 
pmfound statement? To an old science 
fiction addict tumed science fict ion ish re
ality purveyor, it is a rather as tonishing 
statement. Anhul" C Cl arke is sittiilg up 
there in my private pantheon of the gods of 
great literature along with Robert Heinlein, 
Poul Anderson, Isaac Asimov, and Larry 
Niven (as well as ed itor John Campbell, now 
deceased, who cultivated the talents of many 
science fict ion wl'iters over the years). I've 
never spoken to the man, comm uni cated 
with him , let alone imagined that I would. 
He's the person who suggested the idea of 
the synchronous satellite befo re today's 
technology ever existed, and is author of 
numerous widely I"ead science fiction stol"ies. 
So when someone suggested to me that one 
of those remote names on book jackets had 
somehow taken notice of yours tru Iy, my 
immediate reaction was to fil e it as amus in g 
and forget it, as if someone had wa lked Lip 
to me and said "I understand Herman 
Melville had a wh ale of a good time with you 
when you guys went to schoo l togethel·." 

Howevel", this vicious rumor kept dogging 
me. More th an one person mentioned it in 
passing. Eventually I found out, another 
examp le of the truism that if there is a 
persistently rumored or mentioned fact, 
there is often a source to that story, whether 
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it be a persistent gossip columnist or a more 
pleasing manifestation of reality . It seems 
that according to Arthur C Clarke, I really 
li ved in the 23rd century of our current 
calender: Th at noted historian of the future 
wrote a historical novel about my adventures 
as the mildly tragic hero of his latest book 
on life in the 23rd century, Imperial Earth. 
The book is avai lable at any loca l book store 
in paperback form, on the science fiction 
shelves. It 's Clarke's contribution to the 
American Bicentennial. Like most historical 
novels (according to my mental stereotype), 
it is a mildly boring book which takes a lot 
of pages and features a slowly developing 
plot, giving ample opportunity to tour the 
wonders of the age in question. I find on 
reading the book that one of the three major 
characters in the stmy is named (at various 
places - the editors were inconsistent) Karl 
Helmer or Karl Helmers. 

What a shock. While I would have liked 
to imagine myself the principal by namesake 
of an Ayn Rand novel, I guess I'll just have 
to put up with Arthur C Clarke as a distant 
second best. (I really have no choice in the 
matter, and I'm certainly not about to be so 
superficial as to change my name to John 
Galt.) However, it is an interesting coinci
dence since there are numerous parallels 
with the character in the story (as well as 
vast differences). Here I am, fancying myself 
an imaginative te"chnologist in an age of 
technology, revelling in the fun I'm having, 
and all of a sudden I find that the hero of 
one of my own hero's novel s is an imag ina
tive technologist in another era, with a very 
close approximation to my own name. Aside 
from the unfortunate end of the hero's li fe 
in the story, the net effect of reading the 
novel was an ego boost I could not in all 
modesty ignore. 

Personal Computing in 2276 

Science fiction occasionally catches up 
with reality. (See Henry Melton's article 
"Why Aren't There Any Altairs on Arcturus 
IV?" in this issue.) Arthur C Clarke's Imperial 
Earth presents a concept of the personal 
computer which is in effect an evolutionary 
outgrowth of what we see now, but takes 
the pocket calculator (programmable) as his 
point of departure. The name of the beast is 
the "Minisec," a sort of advanced pocket 
calculator, which is introduced in chapter 18 
when the principal character of the story 
(Duncan Makenzie) reaches Earth on his 
pilgrimage to the 2276 celebration of the 
Quincentennial. The specifications of the 
Minisec? Read the following excerpt from 

Continued on page 133 



Experience 
the excitement of owning the finest 
personal~ornputer-
IMSAI8080 
Waiting for you - all the incredible 
performance and power of the 
[MSAI 8080. And at a price you 
would normally pay for a home 
music system: $699 in kit; $931 
assembled. 
WORLD OF USES 
The IMSAI 8080 is a superbly 
engineered, quality computer. [t is 
versatile, expandable and power
ful, putting literally hundreds of 

applications and uses at your 
fingertips. Imagine sitting at your 
desk and enjoying interaction with 
your IMSAI 8080! Press the on 
switch and you're ready for game 
playing, research, education, busi
ness applications, or for laboratory 
instrument control. It has all the 
power you need,' and more, to 
make your application ideas come 
alive. 
GROWS WITH YOU 
The IMSAI 8080 is designed for 
many years of pleasure. With its 
open-chassis engineering you can 
expand your system by adding 
peripherals and interfaces. The 22-
slots and 28 amp power supply 
mean that you can plug-in today's, 
plus tomorrows modules. 

Right now you can add a module 
for displaying color graphics and 
characters on 1V; a ready-to-use 
keyboard; small and large printers, 
and a single interface that lets 
you attach multiple devices includ
ing a cassette tape recorder. Ex
pect the latest, exciting equipment 
from [MSAI. We are committed 
to leadership in this expanding 
technology. 

EASY TO PROGRAM 
With our BAS[C language you 
can operate the IMSA[ 8080 
qUickly and easily. Technically 
knowledgeable? Use our assembly 
language to develop sophisticated 
and unique software. 

If you're thinking personal computer, 
treat yourself to the very best -
1M SAl 8080 

Send for ·free four-color brochure 
or $1 for catalog. Call or for 
name of nearest dealer. 

IMSAI 
IMSAI M8nula~turlng Corporation 
.14860 Wicks Blvd . 
San Leandro. CA 94577 
(415) 483·2093 
TWX 910-3667287 

Prices: USA Domestic 



KIM Goes to the Moon 

INIT IALIZE ALT I
TUDE, RATE OF 
DESCENT, FUEL 
AND THRUST 

UPDATE 
RATE OF 
DESCENT 

UPDATE 
ALTITUDE 

UPDATE 
FUEL 

ILLUM INATE 
DISPLAY, DETECT 
AND DECODE 
INPUT 

TIME 

YES 

YES 

Figure 7: A general block 
diagram of a simple lunar 
lander program. It can be 
seen that a lunar lander 
program basically breaks 
down into a number of 
updating routines. These 
updating routines are con
tinuously repeated until 
the lunar lander has 
reached the surface. 

ALTITUDE = 0 
MOTOR OFF 

FUEL = 0 
THRUST = 0 
MOTOR OFF 

~_...:.Y.=.E::..S( SI~CEOICAST r NO-=--_______ ... 
UPDAT 

? 
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Jim Butterfield 
14 Brooklyn Av 
Toronto Ontario M4M 2X5 CANADA 

There are qu ite a few lun ar landing pro
grams avai lab le nowadays: some for pocket 
calculators, others using graphic displays. 
Th e one I wrote for my KIM-l, based on the 
MOS Technology 6502 microprocessor, illus
trates many of the techniques needed to 
develop the program. 

The KIM-l comes with a six digit LED 
display, which can be accessed by the user. '1 
used the first four digits to represent the 
craft's altitude, and optionall y, the fue l 
remaining. The last two digits, which are 
slightly separated from the rest of the 
display, are used for rate of descent. Both 
values change continually as the craft moves. 

The KIM-l keyboard is used as the pilot's 
control panel. Thrust is set by pressing 
contro ls 1 to 9. A value of 1 is minimum 
thrust, and the craft's rate of descent will 
in crease due to gravity. Nine is maximum 
thrust, which slows the rate of descent 
sharp ly . In add ition to power control, the 
pilot can elect to view either current alti
tude, by pressing A, or remaining fuel , by 
pressing F. 

The Equations of Motion 

The craft, of course, moves in accordance 
with the forces acting upon it: thrust and 
gravity. A physics textbook shows some 
rather formidable eq uat ions. However, they 
can be boiled down to the following simple 
procedure: 



Every 0.01 second, 
add 0.01 of the acce leration to the 

velocity; 
add 0.01 of the velocity to the alti

tude; 
subtract 0.01 of the thrust from the 

fuel. 

Th e acceleration is set eq ual to thrust minus 
gravity, and gravity is set at the constant 
va lue 5. 

The time period of 0.01 s is arbitrary. 
Since KIM can operate in decimal mode, 
dividing by 100 becomes an elementary 
operation. Everything would work just as 
well if it were done in any othel' small time 
increment. 

Figure 1 shows an elementa ry block 
diagram of the program. After setti ng the 
initial flight va lues, we settle into three main 
jobs: updating the flight, li ghting the dis
play, and detecting input from the pilot. 

Setting Initial Values 

An interesting flight can be obtai ned by 
starti ng the lunar module at a height of 
4,500 feet with 800 pOLinds of fuel. Th at's 
more than sufficient fuel for a safe landing, 
but not enough to allow for prolonged 
hovering. 

It 's not difficult to set all the initial 
values by programming them individually. 
However, a faster method is to set them al l 
together in memory and use a loop to 
initiali ze all of them. This is what I did as 
shown in li sting 1 on hexadecimal lines 0000 
to 0007. 

Updating the Flight 

Every 0.01 s we must update our rate of 
descent, altitude and fuel. As previoLisly 
indicated, we have to add 0.01 of various 
values into the totals. We can accomplish 
this quite easily by using a gimmick. Instead 
of holding the altitude, for examp le, in feet, 
let's use two more digits and store it as 
multiples of 0.01 feet. Now we can add the 
rate of ascent directly into the six digit 
number; and the division by 100 happens 
automatica lly. For display purposes, of 
course, we drop the last two digits, so that 
we're back to height in feet. Using the same 
technique on the other parameters, we find 
that the updating job becomes relatively 
easy. 

During the updating task, we must also 
detect two special conditions: touchdown 
and out of fuel. This seems ' fairly simple 

Text, listing continued on page 132 

Listing 7: An example lunar lander program written for the KIM-7 
microprocessor that uses the flowchart of figure 7 as a base. The input and 
output of this program is handled by routines that are inherent to the K IM-7 
system. The data display is seen on the keypad and LED display of the KIM-7 
assembly. This display continuously shows the rate of descent, and on 
command will display either the amount of fuel left, or the altitude of the 
craft. Keys 7 through 9 are used to input · thrust commands, while key A 
chooses the altitUde display mode and the F key chooses the fuel display 
mode. All the numbers in this listing are in hexadecimal unless otherwise 
stated. 

Address Op Operand 

0000 
0002 
0004 
0006 
0007 
0009 
OOOS 
0000 
OOOE 
OOOF 
0011 
0013 
0015 
0016 
0017 
0019 
001S 
0010 
001F 
0021 
0023 
0024 

0026 

0028 
002A 
002C 
002E 
0030 
0032 
0033 
0035 
0036 
0038 
003A 
003C 
003E 
0040 
0042 
0044 
0045 
0047 
0049 
004S 
0040 
004F 
0050 
0052 
0055 
0057 

0059 
005S 
0050 
005F 
0061 
0063 
0065 
0067 
0069 
006S 
0060 
006F 
0071 
0073 
0075 
0076 
0078 

A2 OC 
S5 S8 
95 E2 
CA 
10 F9 
A2 05 
AO 01 
F8 
18 
S5 E2 
75 E4 
95 E2 
CA 
88 
10 F6 
S5 E5 
10 02 
A9 99 
75 E2 
95 E2 
CA 
10 E5 

A5 E2 

10 OS 
A9 00 
A2 02 
95 E2 
95 E8 
CA 
10 F9 
38 
A5 ED 
E5 EA 
85 ED 
A2 01 
S5 ES 
E9 00 
95 ES 
CA 
10 F7 
SO OC 
A9 00 
A2 03 
95 EA 
CA 
10 FS 
20 AA 00 
A5 EE 
DO OA 

A5 E2 
A6 E3 
FO 08 
00 06 
FO A6 
A5 ES 
A6 EC 
85 FS 
86 FA 
A5 E5 
30 06 
A5 E6 
FO 07 
00 05 
38 
A9 00 
E5 E6 
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Label 

GO 
LPl 

CALC 
RECAL 

DIGIT 

INCR 

DO 

UP 

LP2 

LP3 

TANK 

LINK 
SHOFL 

ST 

DOWN 

Mnemonic 

LOX #OC 
LOA INIT,X 
STA ALT,X 
OEX 
SPL LPl 
LOX #05 
LOY #01 
SED 
CLC 
LOA ALT,X 
AOC ALT+2,X 
STA ALT, X 
OEX 
OEY 
SPL DIGIT 
LOA AL T+3,X 
SPLINCR 
LOA #99 
AOC ALT,X 
STAALT,X 
OEX 
SPL RECAL 

LOA ALT 

SPL UP 
LOA #00 
LO X #02 
STA AL T,X 
STA TH2,X 
OEX 
SPL DO 
SEC 
LOA FUEL+2 
SSC THRUST 
STA FUEL+2 
LO X #0 1 
LOA FUEL,X 
sse #00 
STA FUEL,X 
OE X 
SPL LP2 
SCS TANK 
LOA #00 
LO X #03 
STA THRUST,X 
OEX 
SPL LP3 
JSR THRSET 
LOA MODE 
SNESHOFL 

LOAALT 
LOX ALT+l 
SEQ ST 
SNE ST 
SEQ CALC 
LOA FUEL 
LOX FUEL+l 
STA POINTH 
STX POINTL 
LOA VEL 
SMI DOWN 
LOA VEL+l 
SEQ FLY 
SNE FLY 
SEC 
LOA #00 
SSC VEL+l 

Commentary 

initialize values; 

X:=05; 
Y:=Ol; 
set decimal mode ; 
clear carry; 

} add each digit; 

} set up next digit; 

counter: =counter - 1 ; 
if counter positive go to 
RECAL; 
else check if altitude is 
positive; 
if altitude positive go to UP; 
else altitude:=OO; 
X:=02 I else turn off engine; 

set carry; 

( update fuel; 

check if fuel left ; 

if fuel left go to TAN K; 

else turn off engine; 

go to THRSET; 
A :=display mode; 
if mode not 00 go to 
SHOFL; 

} AX:=location of altitude; 

} go to ST; 

A := FUEL; 
X:=FUEL+l ; 

} display values; 

A:=velocity sign; 
if sign negative go to DOWN; 
A:=/velocity/; 

} go to FLY; 

} velocity: =/velocity / ; 



A Nybble .on the Apple 

Notes by Carl Helmers 

Next month, we'll have an art icle by Steve 
Wozniac, designer of the App le-II computer, 
describing this beautiful new conception of 
the small computer. As a taste of the 
Apple-II, here is one frame of the "Color 
Eater," an interesting program which illus
trates the faci liti es of the Apple-II. 

The Apple-II , which is to be introduced in 
April at the first West Coast Computer Faire 
in San Francisco, may be the first product to 
fully qualify as the "appliance computer." 
An "appliance computer" is by definition a 
completed system which is purchased off the 
retail shelf, taken home, plugged in and 
used . I first saw the Apple-lion November 
20 1976 when Stephen Wozniak and 
Stephen Jobs stopped by a motel room in 
Palo Alto where I was staying at the time. 
They brought along the prototype Apple-II 
to give a demonstration. 

To serve as an interesting challenge to its 
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capabilities, I suggested that we sit down and 
implement a "Color Eater" algorithm with 
Apple-II's integer BASIC interpreter with 
color graphics extensions. I had first seen the 
Color Eater program demonstrated in an 
advanced graphics research laboratory late in 
1975 (the idea of the program is not original 
with me, and I will provide the source upon 
request). The Color Eater always lives in the 
matrix in the color TV display at some 
point. 

The Color Eater is a very simple animal. It 
looks at its nearest neighbors in the color 
matrix, searching in a clockwise direction for 
its current "digestible" color. If it finds this 
color, it moves its location to the matrix 
position oJ that color, digests it into a new 
color, and reiterates its search. Occasionally, 
the Color Eater becomes a very frustrated 
little animal. It eats itself into a corner and 
no longer is able to find any digestible 
colors . . When this catastrophe happens, it 
throws a fit and turns itself into another 
variety of Color Eater which can eat itself 
out of the frustration point. The result is a 
constantly changing random color pattern 
on the screen, illustrated in one state in this 
photo made with the Apple-II computer's 
output to a standard color television. 

That evening last November, Steve Jobs, 
Steve Wozniak and I sat down and 
proceeded to use the Apple-II BASIC (which 
is a 5 K interpreter with 16 bit integer 
arithmetic) to program the Color Eater 
game. After perhaps 30 to 45 minutes, we 
had a working BASIC language version 
which used the Apple-II's graphics facilities . 
Since it was done interpretively, the program 
ran a bit slow in this version, but it certainly 
illustrated the concept. Later, Steve Wozniak 
recoded the program using the 6502 
processor's assembly language facil ity as 
implemented in the Apple-II, and reports 
that the Color Eater now runs like lightning, 
wh ich is its normal mode of operation these 
days as a demonstration program for the 
Apple-II. 

If you attend the first West Coast 
Computer Faire, stop by the Apple Com
puter booth and take a look at this 
interesting ·processor; if you don't see it in 
person, then you'll have to wait until next 
month's BYTE for a more complete 
description of the design concepts of the 
machine as explained by Steve Wozniak.-





Photo 7: A Teletype Model 75 RO printer. This "receive only" model is shown with cover removed (above) and with the cover 
in place. 

A Guide 
Michael S McNatt 
4658 E 57 St 
Tulsa OK 74135 

Are yo u wondering why you sho uld 
co nsider yet another peripheral fo r yo ur 
system when you may already have a ni ce, 
quiet vid eo disp lay and even a panel of Das 
Blinkenlights? Consider the fo ll owi ng exce l
lent quote by Robert H Cushman, one of the 
ed itors of EDN magaz ine, who has written 
seve ra l art icl es on designing with 
microprocessors: 

Never Underestimate 
the Value of 
Hard Copy 

Working at the Teletype is a 
superior way to learn .. . software 
and, later, to put the microprocessor 
to use . .. 



Lower 
Bit Numbers (Letters) 
54321 Case 

0 00000 Blank 
1 00001 E 
2 00010 Line Feed 
3 0001 1 A 

4 00100 Space 
5 00101 S 
6 001 10 I 
7 001 1 1 U 

8 01000 Car Ret 
9 01001 D 

10 01010 R 
11 01 01 1 J 

12 01 100 N 
13 01 101 F 
14 01 1 10 C 
15 01 1 1 1 K 

16 10000 T 
17 10001 Z 
18 10010 L 
19 1 0 0 1 1 W 

20 1 0100 H 
21 1 0101 Y 
22 1 01 1 0 P 
23 1 0 1 1 1 Q 

24 1 1000 0 
25 1 1001 B 
26 1 1010 G 
27 1 1 01 1 Figures 

28 1 1 100 M 
29 1 1 1 0 1 X 
30 1 1 1 1 0 V 
31 1 1 1 1 1 Letters 

Upper (Figures) Case 

Communications Bell System (TWX) 
(Standard) Stock Market 

Blank Blank 
3 3 

Line Feed Line Feed 
- -

Space Space 
• (Apos) • (Apos) 

8 8 
7 7 

Car Ret Car Ret 
$WRU $ 

4 4 
Bell Bell 

7/8 
! 1/4 

1/8 
( 1/2 

5 5 
+ .. 
) 3/4 
2 2 

# # 
6 6 
0 0, 
1 1 

9 9 
? 5/8 
& & 

Figures Figures 

/ / 
= 3/8 

Letters Letters 

Weather 
Code 

-
3 

Line Feed 
t 

Space 
Bell 

8 
7 

Car Ret 
t 
4 , 
0 
-+ 
@ 

+-

5 
+ 
"-
2 

,I 
6 
0 
1 

9 
!Il 

~ 

Figures 

/ 
<!> 

Letters 

Table 7: A listing of the 
various Baudot key code 
assignments. The weather 
code column, taken from 
the Reference Data for Ra
dio Engin ee rs , fifth. edi
tion, pages 35 to 38, table 
22, includes wind direc
tion and cloud cover 
symbols. In the communi
cations column, the letters 
"WRU" stand for "Who 
are you?" 

to Baudot Machines: 
Part 1, Description of Available Devices 

The hardcopy record provided by 
the Teletype printer proved unex
pectedly useful. Sample programs and 
their execution results ... could be 
reviewed many days later, often 
clearing up today's cause of confu
sion . .. 

Hardcopy records are especially 
helpful during this learning process 
because when one attacks some new 
feature of programming a particular 
machine, he or she invariably begins 
by probing and experimenting, making 
many false tries. At that instant, all 
inconclusive attempts seem like a 
complete waste of time. But later, as 
you ,advance, copies of your first 
attempts enable you to go back and 

explain earlier mysteries. Psychologi
cally this is most comforting, because 
it wipes away the frustations that 
invariably build up when neither you 
nor the computer appear to under
stand each other. 

EDN tears off the 6 foot or so strip 
of Teletype paper that results from the 
typical bout with the computer, folds 
it accordionstyle, and files it. To make 
our reference complete we start each 
session by entering the day's date and 
the session's objective, and end it with 
a 'summary of what was, or wasn't, 
accomplished. 

The compact hardcopy printout 
that you get is a much more useful 
debugging tool than the transient 
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Photos 1-5 courtesy Donald 
Clum. Photo 6 courtesy Rob
ert W Cook. 



displays of console lamps, or the 
temporary frames of similar video 
readouts. You can study this hard
copy at leisure, make notes on it, and 
then file it away for future reference. 

All these practical virtues of per
forming program development through 
typewriter-like terminals have been 
known to computer types for two 
decades. These old timers are amazed 
to learn that it is taking the newcom
ers to the computer world so long to 
catch up. 

.["How Development Systems Can 

Beware : Model 15s May be 
Hazardous to Your Health! 

If you are considering a Teletype Model 
75 or similar surplus page printer, be fore
warned: Not only is the Model 75 obsolete 
(Teletype Corp no longer manufactures 
parts), but: 

• It's a rude, ugly mechanical mon
strosity next to LED readouts, shiny 
microprocessor cabinetry, and solid
state keyboards. 

• It's a veritable assault of clanking, 
grinding, and roaring among the silent 
flash of panel lights, video displays, 
and the barely audible hum of power 
supply transformers. 

• Foul smelling oil and burning grease 
pour out of its bowels to drown the 
clean, woodsy smell of new program
ming books and operating manuals. 

• It crawls along at a yawning, hair 
pulling, nail biting 60 to 700 words 
per minute, while a blazing processor 
hurries along wasting thousands of 
cycles between character outputs. 

But a Model 75 hardcopy page printer will 
cost between $35 and $ 7 00 depending on 
your resourcefulness, and luck. 

Table 2: Physical characteristics of the four common teleprinter speeds for 
Baudot machines. In many cases, the same machine can be run at several 
different speeds simply by changing gears. 

Words Per Data Characters Bit Stop Operations 
Minute Rate Per Second Pulse Width Pulse Width Per Minute 

60 45 bps 6 22 ms 31 ms 368 
66 50 bPS 6.6 20 ms 30 ms 400 
75 57 bps 7 .5 18 ms 25 ms 460 

100 75 bps 10 13.5 ms 19 ms 600 
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Speed Up the I1P Design Process," 
EDN, April 20 1976, pages 63-72.] 

What Kinds of Baudot Machines are 
Available? 

Perh aps the best way to answer the 
question of what's arou nd is to catalogue 
each machine briefly, starting with the Tele
type Corp models and following with units 
by other manufacturers such as Klein
schmidt, Creed, etc. In these descriptions, 
I've included photographs of many, but 
hardl y al l, of the typical machines. Most of 
these units will be found with nameplates 
and number plates identifying the model and 
man ufacturer (if you purchase a whole 
machine). 

Model 11 

The first mach ine introduced with the 
name Teletype, in 1921. Used a type wheel 
and printed on paper tape at 40 words per 
minute. 

Teletype Model 12 

I ntroduced in 1922, about 12,000 of 
these units were sold. Practicall y a ll Model 
12s had been removed from service by the 
1940's, which makes it a real antique. The 
unit consisted of a Baudot page printer and a 
keyboard, and sou nded like a cement mixer. 
The electrical noise or hash generated by 
these machines would require extensive 
shielding and cables for use with a micropro
cessor. Give it to a museum if you find 
one ... 

Teletype Model 14 

Th is series of Baudot paper tape readers 
and punches were manufactured beginning 
in 1925, with about 57,000 Model 14s of all 
typ~s being sold . The Model 14 series con
sists of: 

• Model 14TD, or "transmitter distrib
utor" reads the paper tape and trans
mits serial data o n a current loop. 
Speeds of 60, 66, 75 or 100 words per 
minute can be selected by installing 
the appropriate set of gears . Easily 
modified for parallel output. Price 
range from $20 to $150. 

• Model 14 RO "Reperforator" or re
ceiver, punches paper tape from serial 
data received from a current loop. In 
1940 a typing reperforator was intro
duced which also prints on the tape, 
but the printing is several characters 
behind the punches. Speeds are 60, 66, 
and 75 words per minute . Price range 
from $10 to $50. 



Photo 2: The author's 
Model 28 KSR Teletype 
machine. Note the much 
more compact mechanism 
(above) of this model 
compared to a similar view 
of the previous genera
tion's Model 75 in photo 
7. The Model 28 KSR with 
cover in place is shown 
below . 

• Model 14 KSR: A Model 14 RO with 
a keyboard. Enables punching of paper 
tape off line. I've seen prices range 
from $15 to $75. 

Teletype Model 15 

This machine comes in two versions: a 
Model 15 KSR with page printer and key
board and a Model 15 RO with page printer 
only (see photo 1) . About 237,000 Model 
15s were produced from 1930 to 1957, with 
Bell Systems receiving about 100,000 of 
these, the US government about 60,000, 
and Western Union , the wire services, news
papers, rai I roads, airl i nes and RCA Corp 
making up the balance. The page printer is 
usually set up for 60 words per minute, but 
occasionally 66 and 75 words per minute 
machines are encountered. The typical used 
price ranges from $30 to $200. 

Teletype Model 19 

A set of Baudot machines which includes 
a Model 15 page printer and keyboard, a 
paper tape perforator, a Model 14 TO reader, 
and a heavy duty loop supply. On some 
Model 19s, the punch is mechanically linked 
to the keyboard . Thus, tape must be 
punched locally and cannot be punched via 
computer control . The punch magnet re
quires a 100 VOC source capable of sup
plying one amp. The tape reader is usually 
connected in series with the keyboard so 
that serial Baudot signals can be generated 
from either unit. The surplus price ranges 
from $125 to $250. 

Teletype Model 20 

This model was used by the wire services 
and was similar to the Model 15 except it 
used a six level code for an expanded 
character set. This is a rare machine and I 
'have not seen it advertised. 

Teletype Model 26 

Another rare, light duty machine used by 
the wire services. 
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Photo 3: The "standard" Teletype so often seen in computer centers and personal computing contexts is the Model 33 ASR 
shown here with a modem option installed. This light duty machine is the war horse of the minicomputer world. 
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Teletype Model 28 

A gener'a l number fo r a se ri es of Baudot 
machines, which includes ROs, KSRs, ASR s, 
TDs and reperforators, These are heavy duty 
machines like th e Model 15, but genera ll y 
operate at 100 words per minute, This is the 
most prevalent Teletype model used by the 
MARS peopl e, Since production began in 
1952, almost 300,000 Model 28s have been 
sold. This machine is sti ll being produced so 
new repl ace ment parts are plentiful. Photo 
2 shows a Model 28 KS R. 

There is an actual advantage of owning a 
used Model 28 as opposed to th e popul ar 
Model 33 ASCII machines. This is because 
the Model 28 is a heavy duty machine made 
for 24 hours per day operation, year after 
year . However, the Model 33 is a light duty 
machine, which means it was designed for 
limi ted use : 3 to 4 hours per day, average. It 
wil.l work for reaso nabl y long periods of 
time but wi ll require maintenance and 
adjustment more often than the Model 28 or 
any of the other heavy duty machines such 
as the Models 14, 15 and 19. 

New prices from the Teletype Corp at last 
report were: Model 28 RO, $1750 to $2000; 
28 KSR, $2000 to $2250 ; 28 ASR, $3300 
to $3900; prices vary with options ; delivery 

~ \ 

. JI. • 
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is from 6 to 12 months. None are in stock 
and each machine is bui lt to order. Used 
prices range from $200 to $1500. 

Teletype Model 29 

Another rare mach ine, essentiall y a spe
cia l Model 28 built for IBM , 

Teletype Model 31 

A rare te lep rinter and keyboard co mbin a
tion , des igned to print on 0_25 inch (0,64 
cm) paper tape_ This was a small piece of 
military aircraft equipment (n omen clature 
TT-30 / AGA-1) which was designed shortly 
afte r World War II. I t measured 9 by 14 by 
12 in ches (23 cm by 36 cm by 31 cm) and 
weighed 23 pounds (1004 kg). Although 
assigned the Teletype number 31, there is 
little indication that there was ever any 
civilian production. 

Teletype Model 32 

Looks just I ike the ASC II Model 33 
except it has a three row Baudot keyboard. 
This is a light duty, '100 words per minute 
Baudot machine sti ll in co mm ercia l use , 
Ava il able as RO, KSR and ASR. Used pr' ice 

Continued on page 154 
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Photo 4: A view of a 
Kleinschmidt Model 750 
KSR. This variant of the 
basic Teletype design 
(note its similarity to the 
Model 75) contains a cur
rent loop power supply. 



Having a "Private Affair" 

with Your Computer 

Steve Ciarcia 
POB 582 
Glastonbury CT 06033 

Then I made a mistake ! I 
told someone that I had a 
computer! 

What you are abou t to read is a true 
story. The names haven't been changed to 
protect the inn ocent because, frank ly, there 
aren't any innocent parties. 

It was the beginning of a cool autum n in 
Connecticut. The leaves were fa lling with 
increasing rapidity and the children who had 
played no isil y in fro nt of my house all 
summer had been removed conven ien tly to 
school s well out of earshot. There was just a 
sli ght rustle in the leaves and now was the 
time to contemplate the future without the 
disturbances of the present. 

Many technical individu als are probably 
like me - the quiet and so li tude stimulate 
the mind . Through your consciousness race 
thoughts of all kinds of inventions which 
haven't even been thought of yet. But you 
resign your-se lf to livi ng quietly with a few 
modest pleasures wh ich comp lement this 
attitude. 

I consider a home computer system to be 
within my definition of modest. It is just a 
small 8080 syste m with 10K and supported 
BASIC. I didn't intend it fo r any particular 
purpose, just relaxation. I assembled it and 
placed it in my shop with my other modest 
pleasures and plinked away on the keyboard 
occas ionall y. I t was more the chall enge of 
getting t he computer up and running than 
writin g exotic programs to keep an inven
tory of the kitchen cupboards, or ca lcu late 
the surface area of the family car. I put 
together a CRT and cassette mass storage 
system and was content just generati ng 
peripherals. Then I made a mistake! I told 
someone that I had a computer! 

While at lunch one day and after a few 
martini s, I let it slip to a group of fe ll ow 
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wo rkers I knew a lot about microprocessors. 
This was not unusual - the conversation 
often gl·avitated to such topics because we 
all worked for a large computer manu
facturer. Working with computers and own
ing one is a compl ete ly different situation 
though. It' s just ho-hum when cranking out 
the answer to a 40 by 40 matri x in 10 ms 
during work ing hours, but this same person 
goes bananas when getting the correct 
answer to 2 times 2 in BASIC on a home 
computer. I t's abso lutely crazy - but then 
aga in , I'm an engineer, not a psychiatrist. 

One member of the group , Ralph , con
tinued to quiz me about what I had said. He 
knew from past experience that when it 
came to hardware, I wasn't an idle conver
sationali st. Since he asked and I was in an 
exceptionally happy and unguarded mood 
afte r a good lun ch with pl easant company, I 
to ld him that I knew about microprocessors 
because I had one. Well, the cat was out of 
the bag. 

"Waiter! Bring my friend here anothe r 
martini!" he shouted as his interes t began to 
heighten. 

I'm sure everyone knows or has worked 
with a character li ke Ra lph. He's a mild 
mannered suburban fami ly man whose goal 
is to own the wor ld. It's not an idl e fantasy, 
but rather a calculated approach to li fe - all 
of it dollar signs. The day to day moods of 
people like this are in direct proportion to 
the Dow Jones daily average. When the 
Dow is down, don't mention anything con
troversial, lest it be interpreted as a personal 
affront challenging his integrity. On a good 
market day, Ralph is the wise philosopher 
who has a kind expression of optim ism for 



everyone with whom he comes in contact. It 
is dur ing these latter peri ods that everyone 
must be wary. His generos ity is over
whelm ing even though the drinks he orders 
end up on someone else's check, and his 
money-making schemes get more and more 
pro li fic. 

It's onl y the little bald spot on the top of 
his head which rea ll y seems to change. I 
guess it's a simp le case of not gett ing older"
just getting better. If there is a way of 
turning a profit on that, Ralph will find it. 

Ralph held back the torr-ent of questions 
until the third martini was half consumed. 
And, preferring not to be too obvious, he 
just asked lead ing questions calcu lated to 
make me ta lk. I was brilliantly coy, even 
though a bit giddy and was quite ab le to 
fend off the barrage of questions until he 
said , " I'm sure that even though you may 
have a microprocessor - and I'm su re you 
on ly mean the microprocessor chip - that it 
wou ld be virtua ll y impossible fo r eve n an 
experienced enginee r like yo urse lf to put 
together some sort of computer that could 
conceivably be worth anything." 

"What do you mean, couldn't build it!" I 
said, defending myself without reali zi ng 
what I was abo ut to say. " I have already 
built it, brother! I have a running 10K 
system with a CRT, keyboard, and cassette 
storage system. I'm running BASIC now and 
have a few games like blackjack and . . . and 

" 
Oh, Oh! I did it, and I knew it ... 

Ralph's ear twitched just li ke someone 
pulled the handle on a one-armed bandit and 
his eyes began to sp in. When they stopped, it 
was like looking in to two dollar signs and 
Ralph had hi t the jackpot. "And ... if you 
don't believe me, come over tonight and see 
it! " 

Why I eve r said that I'll never know. I 
cou ld have kicked myself and had even 
considered orderi ng a half dozen martinis 
hoping to be rushed to the hosp ital with 
acute alcohol poisoning just to find a good 
excuse not to keep our engage ment. I was a 
blabbermouth and should face the music, so 
I shook off the sui cidal tendencies and went 
back to the office. All afternoon while I was 
consumed with a dull headache, I couldn' t 
help but notice that Ralph's li tt le bald spot 
was a brighter pink than normal - a rare 
occurrence, usually only after a big killing 
in the market. 

By that evening, I had rega ined my 
composu re and decided to make the best of 
it. Maybe if I just load a si ll y game writ ten in 
BASIC and entertain Ralph for a while, I 
cou ld convince him that this computer is a 
toy. You know, a toy like Odyssey or Pong. 

Just as I had fin ished load ing the game, 
Ralph came downsta irs into my shop carry
ing a briefcase stuffed beyond normal 
capacity, an arm load of papers, pamphlets 
and other notebooks. I d idn 't bother to ask 
what all the junk was fo r, I just greeted him 
and we lcomed him to the inner sanctum. 
Ralph was very fami li ar with com puter 
rooms and industrial faci lities, but he could 
not cease to be amazed at the quantity of 
eq uipment that I had amassed in my 
basement. 

"Well , with all thi s jun k, you must really 
have a computer," he pronounced as a 
subdued comp liment. "Do you have it work
ing? Can I see the instruct ion set for the 
BASIC? How many lines of BASIC can be 
put in 1 0 K?" 

"Hold it, Ralph! One th ing at a time. 
Here's a copy of the in struction set. Wh y 
don't you sit dow n here at the keyboard and 
play blackjack while I go upsta irs and make 
us some coffee." Go ing and getti ng a cock
tai l wou ld probably have been a more hostly 
gesture, but after the luncheon, the tho ught 
of another martini was painful, so I resigned 
myself to coffee. 

I'm basicall y a perfectionist and as with 
the comp uter, so goes the coffee - or is it 
the other way? Well, I mixed scoops of 
Jamaican Blue Mountain with Moch a and a 
touch of Deep Java and grou nd the coffee. 
All the while, I cou ld hear the keyboard 
keys be ing pounded madly and a little verbal 
noise, somewhat like a kid talking to himself 
whil e doing a difficu lt math homework 
problem. It took about a half hour to 
prepare thi s ex quisite ly brewed concoction 
as we ll as bake a specia l tea biscuit (from an 
old fam il y recipe, of course) which I always 
like to serve guests. 
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I couldn't help but notice 
that Ralph's little bald 

spot was a brighter pink 
than normal - a rare 

occurrence, usually only 
after a big killing in the 

market. 



Out go games, relaxation, 
pleasure - in come the 
stock market, aggression, 
ulcers. 

I have never been to a 
horse track, dog track, 
betting parlor, pool parlor, 
Las Vegas, church bingo 
game, or even bought a 
raffle ticket. 

Wh en I reached th e area of my wo rk 
bench with the tray of bi scui ts and coffee, I 
gl anced at the CRT. My bl ackjack program 
was no longe r on the screen, but I"athel" a 
simp le li ttle program which took dail y stoc k 
quotes and computed week ly and monthl y 
averages. 

"I was onl y gone a half hour ," I 
exclaimed. 

"Oh? Yeah, I learned BASI C when I was 
in Australi a building an o il refinery one 
time. It was the same tim e that I got in to the 
foreign stoc k markets. There 's not much else 
to do down there, you kn ow." He had a 
broad sm il e on hi s face which was an 
obvious result of hav ing mas tered the com
puter so eas il y, and he took the coffee and 
biscuits. He pound ed th e key board, 
chomped biscuits down in one gulp, slurped 
noisily, and shuffled papers madly whil e hi s 
head continuall y bobbed up and down look
ing at the CRT. 

"I th in k I can rea ll y do something with 
thi s system. I want a lit t le time to study the 
instructions some more, then I'd li ke to 
come over and di scuss some bu sinesss appli
cations with yo u." Thi s seemed to be a 
reasonable request and I agreed, but befo re 
he cou ld leave, we had to make a copy of hi s 
program on cassette tape. 

"Gee, I only have thi s one casse tte which 
has the blackjac k on it, but I suppose we can 
use it. I can always load it by hand. It onl y 
took a half an hoUl·." I sighed and in se rted 
my cassette and hit th e record butto n. Out 
go games, rel axa tion, pleasure - in co me 
the stock market, agg l·ess ion, ul ce rs. Oh we ll, 
it's only a cassette tape and a lousy com
puter game. 

"Wow, Ralph, it's almos t 12:30. It's bee n 
a long night. Glad yo u could co me ove r. 
Study up and may be we 'l l ge t to do it aga in 
soon. " I nearl y choked on the last comment. 
Actually, I'm rea ll y not th at bi tter and 
warped. I rea ll y like Ralph , and he means 
well. But to be on the safe side, I' ll buy a 
half-do zen casse ttes tomorrow. 

Th e saga continues . . . 
Two nights later, Ralph came over aga in 

with the same enthu siasm and more notes 
and papers. Ralph had a funny look in hi s 
eyes and hi s bald spot was unu suall y pin k, 
but I didn't pursue it. It was probably 
coming in from the cool night air to the 
warm house. The gree tings and sa lu tations 
were hardly over when Ralph had sa t down 
in front of the computer and announ ced 
that he was ready to go. I asked if he wanted 
"me to load hi s stock program wh ich we had 
put on the casse tte from the pl"evi ous ses
sion, but he protested that was child's play 
and he was rea ll y ready to program now. In 
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fac t, he had written a lot of it already and 
opened one of hi s notebooks to show me 
five so li d pages of BAS IC programming. 

" And that' s just to enter the playe r 
statisti cs " and post positions, " he exclaimed, 
de li ghted that he had accomp lished so much 
in so li tt le time and indi cating as subtl y as 
poss ible th at th is was just the beginning. 

"Stati stics? Post pos ition? For what?" I 
asked. 

"For jai-a lai, of course !" he exc laimed 
and I immediately knew that the odd look 
and pink bald spot had nothing to do with 
the coo l night air. "We enter the players' 
stati stics, their post pos iti ons, and all th eir 
prev ious performance recol·ds, the compu te r 
does a li tt le mathematica l hocus-pocus and 
pl ays the game and pl·edi cts the winners." 
He could hardl y ho ld st ill as he was desc ri b
ing thi s mind-boggling scheme to me. "And 
when we add the betting sec ti on to the 
program, it will tell exac tly how mu ch to bet 
on the tri fectas, perfectas, and quinell as. 
And . .. " 

" Hold it! You mean you are go ing to 
write a game program li ke my blac kj ac k 
program?" I asked. A game program was 
only natural as far as I was concerned. I was 
a true nongambler and never bet on anything 
but a sure thing. Even then, it wasn' t rea lly a 
be t because the things I would place a wage l" 
on entail ed no ri sk and I'd be an idi ot not 
taking a ch ance. Su ch things we re betting 
that my salary th is week was the same as las t 
wee k, or with the gas sta tion attenda nt that 
the car needed a qu art of oil (I chec ked it 
before going to th e gas sta tion), or that it 
wo uld snow in Co nnecticut thi s win te r. I 
have neve l· been to a horse track, dog track, 
betting parl or, pool parlor, Las Vegas, 
church bingo game, or even bought a raffle 
t icket. Somet imes I think I lead a protec ted 
life . 

"Hell no ! I mean a program to pi ay and 
bet I"eal money at th e jai-alai fra n to n here in 
Hartfo rd!" he excl aimed almost jumping off 
hi s seat. There was a poin t at which I 
wo ndered whether I should fea r fo r my li fe 
and considered call ing my dog, but affec
ti onate Scottish Terrie rs don' t see m to 
demand the sa me respect as Doberman 
Pince l"s. 

"Thi s is onl y a 10 K system. We don 't 
have enough memory to do a pmgram li ke 
that," I rebutted , hoping to clip thi s crazy 
proposal in the bud. 

"Oh, don' t worry about that. We'll add 
some more memory. I figu re it will ta ke 
about 24 K and of course, we 'l l eventu all y 
need some sort of hard copy device .. . " 

"OK .. OK .. go program something whi le I 
think about it," I said in a res igned sigh. I 
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I had visions of putting 
down my life savings at 

the betting window just as 
the computer takes a 

power hit an<i goes down 
complete with my money 

and my sanity. 

took note of the fact that Ralph used the 
term "we" when he mentioned system 
expansion , but I seriously doubted it. The 
thought of using my computer for betting 
was crazy. Obviously, if it were a good idea, 
someone would have already done it. That's 
the American Way . It sure seemed like a 
risky idea. I had visions of putting down my 
life savings at the betting window just as the 
computer takes a power hit and goes down 
complete with my money and my sanity. 
Ralph is a good programmer, but he can't 
possibly do the entire job himself. Besides, 
my system is much too small to acco mplish 
what he's attempting. Maybe I should let 
him plink away at the keyboard until he 
reali zes that he can't do it and then I can 
have my system back and relax while I play 
Kingdom or something. 

"Fantastic," yelled Ralph. "I've got the 
player entry and post pos ition sections 
already working! I can't believe how easy it 
is to program thi s computer." 

The little man was amaz ing. All day he 
sits in his office, shuffling papers and 
occasionally di scussing bu siness with cus
tomers, but I had never ex peri enced this 
compl etely "off-the-wall" emotionali sm. 

"This is terrifi c! I can see that we'll have 
thi s program really going as soon as I get rid 
of a few bugs," he continued. 

Bugs? Was that bugs he sa id? Salvation is 
what those bugs were. With a program bug, 
it might never work. I might yet get to use 
my system aga in . "Gee, Ralph. Th at's too 
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bad about the bugs. I guess you won't be 
able to do it after all." 

"I'll take care of the program bugs, but 
you had bette r check some of the hardware. 
I've been dumping the program to cassette 
abou t every 30 minutes so that I could keep 
an accurate revision record or in case of a 
power failure and I noticed that your cas
sette interface drops a bit once in a wh ile. 
When you've got a lot of money on the line, 
we can't afford dropping bits," he inter
jected with an authoritative resolve. " I've 
used up all but 300 bytes of the 1 0 K and 
we'll need some more space if you want to 
do this right. Didn't you say that you 
wanted to expand the system to put larger 
game programs in it?" 

He was correct. I did " eventually want to 
expand the system with more memory, but I 
would have been happy just playing black
jack by myself right then. I couldn 't even do 
that. The six cassettes I had just bought were 
conveniently written with various versions of 
jai-alai. Ralph was correct - my $39 EI 
Cheapo cassette recorder probably did drop 
a bit or two, but when you're pl ay ing 
blackjack, who cares? Still , I couldn't have 
someone criticize my hardware. I was a good 
hardware designer and didn't want anyone 
to think otherwise; especially someone I 
worked with. 

Ralph gathered up his paper work and as 
he left, he tossed me a jai-alai program to 
study so I could understand the betti ng 
terms and be able to use the program 
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I didn't want any more 
cassette storage criticism, 
but telling Ralph about my 
depleting bank account 
would have fallen on deaf 
ears . 

-
Working with Walt is a 
little nerve-wracking 
because in computer terms, 
he is a LI FO, or " last in , 
first out" interrupt 
processor. 

eventually. I didn't say anything except 
goodnight and come again sometime. Some
time would be soon he assured me and I felt 
a sudden pain in the center of my fOI-ehead. 
I never used to get headaches. Maybe I 
needed a vacation .... 

The next four evenings I diligently 
worked at improving the system and increas
ing the memory. The leaves were piling up 
around the front door and I knew I should 
be raking them or putting antifreeze in the 
cars, or something. I hadn't picked the ripe 
tomatoes from the garden before last night's 
freeze, but now I don't have to worry about 
them anymore. I saw my wife this evening in 
the hall on my way down to the workshop. 
She looked pleasant and gave me a half
hearted smile. It was her subtle way of 
saying, "I remember you. Wasn't I married 
to you some time ago?" I just did n't have the 
time to explain because Ralph was on his 
way over and I wanted to show him all the 
improvements, so I patted the dog and 
descended the stairs into the workshop. 

I looked around at all the equipment and 
some of the unfinished projects on my desk. 
For a couple of months, I had been develop
ing an analog interface to be attached to the 
computer to allow joystick inputs to liven 
up future game programs I was contem
plating. It was all done, just awaiting check
out and debugging, but I needed the com
puter to check it dynamically, and with all 
the stuff with Ralph lately, I hadn't been 
able to even get close to it. I still had an 
older 8008 system with 4 K of memory 
wh ich I cou Id use, but it was located right 
next to the 8080 system and with Ralph 
sitting there, I couldn't even get close to it. I 
resolved that I wou Id sit at my desk and 
recheck the wiring again . 

"OK, are we ready to go?" asked Ralph' 
as he came into view while descending the 
stairs. "I hope you don't mind - I invited 
Walt along to help me debug the software. 
He's a genius when it comes to 
program m i ng." 

Ralph was quite correct; Walt was indeed 
a software genius. Walt is one of those truly 
helpful people who continually goes out of 
his way to accommodate everyone. Working 
with Walt is a little nerve-wracking because 
in computer terms, he is a LI FO, or "last in, 
first out" interrupt processor. The poor guy 
will be diligently working on something 
important, and if someone asks for his help, 
he drops everything, solves the other per
son's problem, then returns to his own task. 
Some interesting situations have evolved 
when he's interrupted by five different 
people each asking for his help. I suppose 
that's the price of genius. I just chuckled to 
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myself while thinking what kind of line 
Ralph must have laid on him to get him to 
work on this crazy scheme. 

"So, did you get a chance to fix the bit 
problem?" Ralph asked. 

"Yes," I answered. "It was nothing that a 
better tape recorder wouldn't cure," I 
replied, still wondering whether replacing 
my low bid recorder was really necessary. 
The replacement was a $149 Sony tape 
recorder - the best one I could find. I didn't 
want any more cassette storage criticism, but 
telling Ralph about my depleting bank 
account would have fallen on deaf ears. I 
also added another 8 K of memory and 
beefed up the power supply. That was only 
about $300. 

"Great! We'll really be able to make 
progress now," he chanted. "We'll give you a 
cut of the winnings to help cover the 
hardware costs," he continued . "Hey Walt, 
sit here at the desk under the light and see if 
you can fi nd the bug." 

Ralph loaded the last program version 
and spread his papers out all over my bench. 
Papers hung over the top of my oscilloscope, 
propped against my parts cabinets and 
thoroughly covered my work area. Walt 
asked if it was OK to move the analog 
interface board which was on the desk, so 
that he could spread out some papers and 
not have to worry about accidentally leaning 
on something. "Sure Walt, let me move 
everything for you," I said as I cleared off 
the desk. "Can I get anyone a drink or 
something?" 

"I'd like a beer if you have one," said 
Walt. 

"I'll have a gin and tonic and if you have 
any of those biscuits left, that would be 
tremendous," said Ralph. 

I slowly wal ked upstairs and stopped on 
the landing to pat my dog. Scottish Terriers 
are like people. They can communicate with 
their eyes and he was giving me that "You 
don't play with me anymore" look, and 
dropped a tennis ball by my hand hoping I 
would have a favorable reaction to his 
request. I used to work at my bench and 
occasionally kick a ball around the cellar for 
him. Now we both knew that we couldn't do 
that any more and we sat watching the two 
men intently discussing the program and 
inspecting the CRT display. I went upstairs 
to prepare refreshments and invited the dog 
to follow, hoping to placate him with a fresh 
baked biscuit. 

My wife walked into the kitchen and 
being the understanding soul that she is, 
asked me if I cou ld possibly light a fire in 
the fireplace and use the den for whatever it 
was that I did downstairs. 



"That's it! That's how I can do it! II I 
yel led. If I was Polish, I would have danced a 
polka, but instead I grabbed the tennis ball 
and threw it down the hall and the dog made 
a mad dash after it. 

" I can't use the den, but they can! All I 
have to do is put a remote terminal in the 
den." It was an extravagant idea, but I was 
desperate. I would move my friends to 
another section of the house, out of my 
shop and out of my dog's playground. 

I hadn't worked out the details yet, but 
that's what I was going to do. I had 
contemplated moving the computer, but li ke 
any hobbyist's, it was spread out al lover three 
shelves with patch cords and was impossible 
to move. The details of the design flashed 
through my head and I hurriedly looked for 
a pad to record my thoughts. Twisted pair 
shielded wire, asynchronous interface, 
coaxia l cable for the monitor, perf board, 
line drivers - Hold It! - one thing at a time. 
The design of the remote terminal was fairly 
simple, but would take a little time to build. 
I'd do that later. Right now, it was impor
tant to see if I had enough wire to go from 
the computer to the den and I made a mad 
dash down into the shop and started 
rummaging through my storage bins until I 
found a 200 foot ro ll of coax and a big 
tangled mess of what appeared to be twisted 
pair shie lded wire. Ralph and Walt didn't 
seem to be bothered by all the commotion 
behind them until I pulled down half the 
bookcase while yanking on the tangled mass 
of wire. 

I grabbed some tools and dragged the 
wire outside through the garage. Ralph. and 
Walt had kicked the books out of the way 
and returned to programming by the time I 
was out on the front lawn. It was co ld 
outside, but that was the on ly place with 
enough room to spread out the mess. I'm 
sure the neighbors thought it a bit strange to 
see a grown man out on the front lawn at 
nine o'clock in the evening with a flash light 
doing what appeared to be playing in the 
leaves. My dog came out to investigate and 
with all his jumping around and barking, it 
really must have looked pretty bad, but I 
was determined. 

It took quite a while, but finally I 
untangled the mess and had two twisted pair 
and one coax line stretching down the street 
past the neighbors' home. I decided to put in 
an extra twisted pair line in case I had other 
friends and had to go to time-sharing. I 
placed a ladder up against the side of the 
r,\)\.\se under the den window, and with the 
wires between my teeth and an electric drill 
in one hand, attempted to scale the ladder. I 
swore that the next house I bought would be 

a ranch instead of a colonial or at least I'd 
put the den on the first floor, but for right 
now, I just didn't look down and concen
trated on the "do or die" situation at hand. 

I started the electric · dril l, placed it 
against the house and pushed! I drilled 
through the storm window, the inside 
window and half the window sill. It wasn't 
necessary to tell my wife that someone was 
outside the window, because I heard her 

scream. Apparently, she was watching te le
vision in the den and the window I had just 
drilled through was behind the TV. It hit me 
all of a sudden what her reaction would be -
it was something I had suggested she do if 
she were ever home alone or needed protec
tion. She had probably rushed off for the 
bedroom closet to get the shotgun we kept 
there. Well, if you think firemen come down 
ladders fast, you should have seen me. 

It took a while to calm her down, but she 
sa id that after having been married to me so 
long, she should have expected it. As a 
gesture of peace, I agreed to put off wiring 
the house until day light hours and decided 
instead to design the asynchronous interface. 
Ralph and Walt had finished for the evening 
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I smiled from ear to ear 
and thought of the coup I 
was about to perpetrate. 

During the next two days, 
I worked at a feverish pace, 
stringing wire and soldering 
components. 

and were apparently unaware of the preced
ing "fiasco" when Ralph said, " I hope your 
evening was as productive as ours. Walt 
figured out the bugs but it wi ll take a few 
more sessions to incorporate the revisions. 
Th at's quite a system you've got there. You 
must really en joy it." 

I didn't get mad, I just looked tired. Even 
th e dog decided he couldn't take anymore 
and went to li e down in front of the fire. 
"Well Ralph , it wi ll be ni ce to see the 
program work so you can spend all your 
time at the jai-alai fronton." 

"I'm looking forward to that too. But we 
sti ll have a lot of work. Day after tomorrow 
evening is a good night for me. My wife may 
not be home, so I might bring the kid s. Do 
you like kids?" he asked. 

"Kids are fi ne. It's their paren ... ," I 
started as he interrupted. 

"Great. Walt and I will see you then," 
was hi s fin al pronouncement as he stepped 
out of the door; but on the way to the car, 
he turned long enough to ye ll, "Hey, some
one left this big mess on your front lawn, 
but if you pile enough leaves over it, nobody 
will know." 

"Thanks, Ralph." I just closed the door, 
closed my eyes, and leaned aga inst the wall. 
I judged that I didn't have much time before 
they were com ing agai n, so I had bette r get 
to work on the communication link to the 
den. 

During the next two days, I worked at a 
feveri sh pace, stringing wire and so ldering 
components. I stuffed th e three wires 
through the hole in the den window, ran the 
wires down the side of th e house to the first 
floor leve l, and then drilled a hole through 
the outs ide wall into the garage. I had to go 
through the back and out the front of a 
garden too l cabinet in the garage, but my 
wife wouldn't notice that she couldn't open 
the door any more until spring - I'd just use 
my skill saw and make a new open ing for 
her. 

Stringing the wire through the garage was 
easy. I just hung it ac ross the cei ling and 
looped it through the garage door springs for 
support. It was onl y when I started chopp ing 
a hol e through the concrete wall into the 
base ment that I got upset. Some idiot put a 
layer of sheet metal in the center of the 
concrete and the drill bits wouldn't even 
penetrate it; but this turned out to be no 
match for a co ld chise l and a five pound 
hammer. The hole did turn out to be a bit 
larger than I intended, but I always wanted 
to install one of those Ii tt le doors where a 
dog lets himself in and out. 

I quickly attached the twisted pair to the 
line rece ivel' in the shop. The unit down-
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stairs consisted of the receiver section of 
a UART (univer~al asynchronous receiver/ 
transmitter) whi le the box in the den con
tained the transmitter and line driver. A 
keyboard is-plugged in upstairs, and when a 
key is pressed, the ASCII keyboard data is 
serialized and sent to the receivers down
stairs where it is reconverted to parallel for 
the computer. I chalked up the $40 it cost 
to build this interface to experience for the 
sake of family harmony. The $175 for 
anoth er keyboard and another TV monitor 
was a bit harder to take. 

Ralph, Walt and whoever else was coming 
over would be there soon. I decided on a 
lark to try to type in the blackjack program 
before they came and busily attached the 
keyboard. When I was through, I took the 
tape containing their oldest revision of jai 
alai and recorded my blackjack back on it 
... just in case. When I was done, I loaded 
their latest program version and ran up to 
the den to check that all was working 
correctly. Th e screen was brightly lit with 
the BASIC operating system indicating that 
the video link worked properly. Data entry 
on the keyboard also proved successful and I 
felt like a new man. I smiled from ear to ear 
and thought of the coup I was about to 
perpetrate. I made myself a Tangueray 
martini, sat by the fireplace and awaited the 
arr ival of my honored guests. 

It wasn't long before Ralph and his two 
kids were at the door with Wal t closely 
behind. I hadn't even closed the door before 
the dog and the children were off chasing 
each other through the house. "Are all kids 
like this?" I asked . 

"Only happy ones," answered Ralph. "So 
do you want to come downstairs and see 
how this works?" he inquired. 

My opportunity was there, but with all 
the noise I couldn't think and just said, 
"Ton ight we are going to put you in the den. 
I put a monitor and a keyboard up there and 
you guys work upstairs while I work in the 
shop!" The words were finally out. I had 
stated my declaration of independence and I 
had demanded my workshop back. 

"Sure. That sounds OK with us," stated 
Ralph as he and Walt spread out their papers 
allover the den. "It sure is nice up here. 
How do you keep a den looking so nice? 
Anyone with kids can't have furniture like 
this," continued Ralph as he threw his 
briefcase on the velour covered Louis XVI 
chair next to the fireplace. 

I looked at him and stated, " I don't have 
any chi ldren, remember?" Just then, a tennis 
ball whizzed by with two kids and a dog in 
hot pursuit. Usually the dog wasn't even 
allowed on the oriental rug, but who was I 



The Small Computer 
Twenty-five years ago a computer as powerful as the 

new Processor Technology Sol-20 priced out at a cool million . 
Now for only $995 in kit form or $1495 fully 

assembled and tested you can have your own small computer 
with perhaps even more power. It comes in a package about the 
size of a typewriter. And there's nothing like it on the market 
today. Not from IBM, Burroughs, DEC, HP or anybody else! 

It fills a new role 
If you're an engineer, scientist or businessman, the 

Sol-20 can help you solve many or all of your design problems, 
help you quantify research, and handle the books too. For not 
much more than the price of a good calculator, you can have high 
level computer power. 

Use it in the office, lab, plant or home 
Sol-20 is a smart terminal for distributed processing. 

Sol-20 is a stand alone computer for data collection, handling 
and analysis . Sol-20 is a text editor. In fact, Sol-20 is the key 
element of a full fledged computer system including hardware, 
software and peripheral gear. It's a computer system with a 
k.eyboard, extra memory, I/O interfaces, factory backup , service 
notes, users group. 

It's a computer you can take home after hours to play 
or create sophisticated games, do your personal books and taxes, 
and a whole host of other tasks. 

Those of you who are familiar with small computers 
will recognize what an advance the Sol-20 is . 

Sol-20 offers all these features as standard: 
8080 microprocessor -1024 character video display 

circuitry - control PROM memory -1024 words of static low
power RAM -1024 words of preprogrammed PROM - built -in 
cassette interface capable of controlling two recorders at 1200 
bits per second - both parallel and serial standardized interface 
connectors - a complete power supply including ultra quiet 
fan - a beautiful case with solid walnut sides - software which 
includes a preprogrammed PROM personality module and a data 
cassette with BASIC-5 language plus two sophisticated computer 
video games-the ability to work with all S-loo bus products. 

Full expansion capability 
Tailor the Sol-20 system to your applications with our 

complete line of peripheral products. These include the video 
monitor, audio cassette and digital tape systems, dual floppy 
disc system, expansion memories, and interfaces. 

Write for our new 22 page catalog. 
Get all the details. 

Processor Technology, Box B, 6200 Hollis St., 
Emeryville, CA 94608 . (415) 652-8080. 



THE 

ARIZONA 
Byte Shop of Phoenix-West 
12654 N. 28th Drive 
Phoenix, AZ 80529 
16021942·7300 
Jeff McKeever 

Byte Shop of Phoenix 
813 N. Scottsdale Rd. 
Tempe, AZ 85281 
16021 894·1129 
Alan Hald 

Desert Data Computer Store 
P.O. Box 1334 
Tucson, AZ 85702 
Gary Miller & Bud Ward 

CALIFORNI A 
Byte Shop of Lawndale 
16508 Hawthorne Blvd. 
Lawndale . CA 90260 
12 131371·2421 
Dick Moule 

Th e Computer Store 
820 Broadway 
Santa Monica, CA 90401 
12131451·0713 
Dick Heiser 

A-V I 0 El ectro nics 
1655 E. 28th St. 
Long Beach, CA 90806 
12 131426·5526 
Reynolds Johnson 

Byte Shop of Pasadena 
496 S. Lake Ave . 
Pasadena, CA 91101 
12131684·33 11 
Govinda Singh 

Byte Shop/Thousand Oaks 
2707 Th ousand Oaks Blvd. 
Thousand Oaks, CA 91360 
18051 497·9595 
Joe Kappl 

People's Computer Shop 
13452 Ventura Blvd . 
Sherman Oaks, CA 91423 
12131789·7514 
W. K. Ling 

Byte Shop of San Diego 
8250 Vickers - H 
San Diego, CA 92111 
17 141565·8008 
John Perry 

Byte Shop of Westminster 
14300 Beach Blvd. 
Westminster, CA 92683 
17141894·9131 
Marty Rezmer 

BASIC SOFT 

· Wi\R E 

I \\~R~R" 
"\ r',unv" 

by R . W . B R OWN 

The "HOW-TO-DO IT" Books for the "DO-IT" Person 

* * Available NOW! ! ! at most computer stores * .* 
The Computer Mart Byte Shop of San Rafael ILLINOIS NEW JERSEY RHODE ISLAND 
625 W. Katelia # 10 509-8 Francisco Blvd. The Data Domain Hoboken Computer Works Computer Power Inc. 
Orange, CA 92667 San Rafael, CA 94901 1316 Ch icago Ave. No. 20 Hudson Place M-24 A irport Mall 
17141633·1222 14151457·9311 Eva nston, I L 60201 Hoboken, NJ 07030 1800 Post Rd. 
Allan Tarsky Don Anderson 13 121328·6800 12011 420·1644 Warwick, R I 02886 

Byte Shop of Santa Barbara Byte Shop of Santa Clara Paul Warnke 1401 1738-4477 

4 West Mission 3400 El Camino NEW YORK 

Santa Barbara, CA 93101 Santa Clara, CA 95051 INDI ANA The Computer Mart of SOUTH CAROLINA 

18051 966·2557 14081 249-422 1 The Home Computer Store New York Byte Shop of Columbia 

Scott Daley 10447 Chr is Drive 314 Fifth Ave. 2018 Green 5t. 
T odd A nderson Indianapoli s, IN 46229 New York, NY 10001 Columbia. SC 29205 

Byte Shop of the San Byte Shop of San Jose 13 171894·3319 12121 279·1048 18031771·7824 
Fernando Valley 155 Blossom Hill Rd . Jim Baughn Stan Ve it Nick Johnson 
18424 Ventura Bl vd. San Jose, CA 95123 The Data Domain Synchro-Sound Enterprises 
Tarzana , CA 93156 14081 226·8383 406 S. Co liege Ave. 193-25 Jamaica Ave. TENNE SS EE 
12131343·3919 Larry Grij alva Bloomington , I N 47401 Holli s, NY 11423 M icro Computer Systems 
Tom Mardy 

Byte Shop of Campbell 18121334·3607 12121468·7067 Rou te 36, Mc Fee Rd. 
Byte Shop of Fresno Knoxville, TN 37922 
4131 E. McKinley Ave. 2626 Union Ave. Boyd R. Borril! Ray Mustafa 

16151 966·9849 
Fresn o, CA 93703 

San Jose, CA 95 124 KENTUC KY Computer Mart of Long Island 

Mike Sannes 
14081377-4685 Th e Data Domain 2072 Front St. UTAH 
Ray Lyn 506 Y:! Euclid Ave. East Meadow, NY 11554 Byte Shop /Salt Lake City 

Byte Shop of Mt. View 
Byte Shop of Sacramento Lexington, KY 40502 15161794·0510 261 S. State St. 

1063 W. EI Camino 
6041 Greenback Ln . 16061 233·3346 Morris Ba lamut Salt Lake City, UT 84 11 1 

Mt. View, CA 94040 
14151 969·5464 Citru s Heights, CA 95610 Melvyn Cobb Byte Shop of Levittow n Bob Boll inder 

Boyd Wilson 19161 726·2557 2721 Hempstead Tpke. 
Willard Westpha l MARYLAND Levittown, NY 11756 VIRGIN IA 

Byte Shops, Inc. Computer Workshop 15161 73 1·81 16 Shire Enterpr ises 
1261 Birchwood Dr. COLORADO 5709 F rederi ck Ave. John Adams 615 Mitchell St. 
Sunnyvale, CA 94086 Byte Shop/Arapahoe Co. Rockv ill e, MD 20852 Richmond , VA 23222 
14081 734·9000 3464 S. Acoma 1301 I 468·0455 OKLAHOMA 18041321-4560 
Bryan Kerr EngleWOOd. CO 8011·0 John Dorband High Techno logy Sonny Onorati 

Byte Shop of Pal o A I to 13031761 ·6232 1020 W. Wil shire BlVd. 
2233 EI Camino Real Bernie Schreibman M INNESOTA Oklahoma City, OK 731 16 WISCONSIN 

Palo Alto, CA 94306 Byte Sh op of Boulder 
Byte Shop of Eagan 14051 842·2021 The M i lwaukee Computer 

14151 327·8080 2040 30th St. 
1434 Yankee Doodle Rd. Charles Weddington Store 

Bob Moody Boulder, CO 8030 1 
Eagan, MN 5512 1 6916 W. North Ave. 

13031449·6233 
16121452·1841 

OREGON 
Milwaukee, W I 53213 

Byte Shop of San Mateo 
Herman Axelrod 

John Campbell 
Byte Shop of Beaverton 

14 141 259·91 40 
1200 W. Hilisdale Blvd. Denniss Hafemann 
San Mateo, CA 94403 M ISSOURI 3482 SW Cedar Hill s Blvd. 

14151 341 ·4200 FLORID A Computer System s Center Beaverton, OR 97005 
Chet Harris Byte Shop of Cocoa Bch. of St. Louis, Inc. 15031644·2686 CANADA 

1325 N. A tlantic Ave. 1346 1 Olive Blvd. Rick Terrell Trintronics 
Byte Shop of Hayward Cocoa Beach, F L 32931 186 Queen 51. West 
1122 "B" St. 13051 784· 1881 

Ches terfield. MO 63017 Byte Shop of Port land Toronto. Ontar io 
Hayward, CA 94541 John Dalton 

13 141576·5020 2033 SW 4th St. Canada, M5V 121 
14 151 537·BYTE H. Joseph Turner, Jr. Por t land, OR 97201 14161 598·0262 
Mike Lipsc hu tz Computer Hu t Compu ter Workshop 15031 223·3496 Karen Klein 

Byte Shop of Diablo Valley 
5905 N.W. 151 st St. 6903 Blair Road Pat Terrell 
M iami Lakes, FL 33014 Byte Shop of Vancouver 

2989 North Main St. 13051 821 ·2667 
Kansas City, MO 64152 

PENNSYLVANI A 2151 Burrard S1. 
18161 74 1·5055 Wal nu t Creek, CA 94596 Donald R . Willi ams Terry Smith Byte Shop of Bryn Mawr Vancouver 9 , B.C . 

14151 933·6252 1045 W. Lancaster Ave. 16041 736·7221 
Dan So ldalh Byte Shop of Miami 

NEW HAMPSHIRE Bryn Mawr , PA 19010 Marvin McKay 
7825 SW 40th St. Byte Shop of Berkeley 
Miami, FL 33155 Compu ter Mart of N H 12151525·7712 The Pacif ic Compute" s..1!.'tY<""..! 

1514 University Ave. 
13051 264·BYTE 170 Main St. Dick Smith 4509 · 4511 Rupert St. 

Berkeley, CA 94703 
Mel Levinson Nashua, N H 03060 Personal Computer Corp. Vancouver , B.C. V5R 2J4 

14151845·6366 16031 883·2386 Frazer Mall, Rt. 30 16041 438·D A T A 
Pete Hollenbeck MicroComputer Systems Inc. Rona ld J. Cordova Frazer, PA 19355 Bri an Hyndman 

144 So. Dale Mabry Hwy. 12151647·8460 
Tampa, FL 33609 Microcomputers, Inc. 
18131879·4301 539 A mh erst St. Wal ter White JAPAN 

Forrest K. Hurst Nashu a, N H 03060 Byte Shop of Tokyo 

16031 889·1646 
2-9-9 Sotokanda 

Dex ter M. Cox 
Chiyodaku, Tokyo 
Kiyotake Ikeda 



WARE LIBRARY 
This LI BRARY is a complete do it yourself kit. Knowledge of programming not required. EASY to read and USE 

Written in compatible BAS IC immediately executable in ANY 
computer with at least 4K, NO other peripherals needed. 

This Library is the most comprehensive work of its kind to date. 
There are other software books on the market but they are 
dedicated to computer games. Th e intention of this work is to allow 
the average individual the capabi lity to easi ly perform useful and 
productive tasks with a computer. Al l of the programs contained 
within this Library have been thoroughly tested and executed on 
several systems. I ncluded with each program is a description of the 
program, a list of potential users, instructions for execut ion and 
possible limitations that may arise when running it on various 
systems. Listed in the I imitation section is the amount of memory 
that is required to store and execute the program. 

Each program's source code is listed in full detail. These source code 
listings are not reduced in size but are shown full size for increased 
readability . Almost every program is self instructing and prompts 
the user with all required runn ing data. Immediately following the 
source code listing for most of the programs is a sample executed 
run of the program. 

Th e entire Library is 1100 pages long, chocked full of program 
source code, instructions, conversions, memory requirements, 
examples and much more. ALL are written in compatible BASIC 
executable in 4K M ITS, SP HERE , IMS, SWTPC, PDP, etc. BASIC 
compilers available for 8080 & 6800 under $10 elsewhere. 

This Library is destined to become one of the reference bibles for 
the small computer field, due to its versatility and uniqueness and 
the ease of operation of the programs it contains . These volumes are 
deductible as a business expense when purchased by a company. 
Send your remittance for prompt delivery, wh il e supplies last. 
Vo lume discounts are ava il able to qualified dealers. 

VOLUME I 
Bookkeeping 
Games 
Pictures .... .... . ... . .. .. $24.95 

VOLUME" 
Math & Engineering 
PI otti ng & Stat 
Basic Statement Def .. ..... $24.95 

VOLUME III 
Advanced Business 
Billi ng 
Inventory 
Payroll ...... .. . ... . . ... $39.95 

VOLUME IV 
Genera l Purpose ........... $9.95 

VOLUME V 
Experimenter . ....... ..... $9.95 

FUTURE ADDITION TO THE "BASIC SOFTWARE LIBRARY" 

Volume VI (A Complete Business System - $49.95) General Ledger System - Taxes, Pyrl, 
W-2's, Inventory, Depr., Finan cial Statements, etc. AVAILABLE MID SUMMER 

STOP BY OUR BOOTH (E615) AT THE SAN FRANCISCO COMPUTER FAIRE and say " HU" 

Add $1 .50 per volume for postage and handling. 

SCIENTIFIC RESEARCH 
1712-B FARMINGTON COURT 

CROFTON MD 21114 
Phone Orders call (800) 638-9194 

I nformation and Maryland Residents Call (301) -721-1148 



Ralph was so enthusiastic 
he hardly even noticed the 
dog was chewing on one of 
his program sheets and the 
kids were making paper 
airplanes out of ,others. 

Author Ciarcia will not be 
ab le to answer any 
inquiries about the pro
grams described in this 
artic/e. So don't write! 

going to sco ld f irst? I just picked up the 
bottle of Tanqueray from the bar and left 
the roo m to go to the shop. 

As I descended the stai rs into the base
ment, I li stened to the three-r ing circus and 
wondered if children came with volume 
contro ls or on/off switches. The sad istic 
humor ceased when I sat down at my bench 
and contemplated my nex t action. I looked 
at the 8008 system which didn't have BASIC 
and couldn't play ga mes and shivered a li t tl e 
fro m the chill of the co ld cellar. It took onl y 
a few minutes to rea li ze th at there was no 
way I could work downstairs while the gang 
was upstairs. 

I went upstairs and upon ente ring the 
den, Ralph sa id, "I thought you were go ing 
to enjoy yourself?" 

"I thought so too, Ralph. How are you 
doing?" I asked trying not to show any 
fr ustration. 

"I'd say we're almost ready. We entered 
the player statistics of ten games played last 
week and the program picked the winner in 
40 percent of the cases. I st ill wa nt to make 
some other progra m rev isions, but we can do 
that some other night," he sa id. 

"When we get this program go ing full 
blast, we'll have to have better access, 
though. Th e program list ing the evening's 
pl aye rs doesn't come out until one hour 

30 

before game time, so we' ll have to work fast. 
Do you think we could put it into a motel 
room near the fronton?" he asked very 
seri ous ly. 

" Not without a great deal of difficulty," I 
sa id as calmly as I could, consider ing the 
question. 

"Well, you know I wouldn't want to put 
you out. So I guess what we'll have to do is 
get the pl ayer programs of Friday and 
Saturday evenings, run over here, pump in 
the data and determine who to bet on. Since 
the program takes a while to crunch all the 
numbers and come up with an answer, we'll 
have to get some other peop le from the 
office to help set up a shuttle between here 
and the fronton to relay the bets and bring 
back news of any pl ayer changes not covered 
in the initial schedule. It actua ll y won't be 
too long before we're at that po in t." Ralph 
was so enthu siastic he hardl y even noticed 
the dog was chewing on one of h is program 
sheets and the kids we re making paper 
airpl anes out of others. 

"Wow, did you see that?" I ye lled and 
pointed to the CRT screen. 

"What? Wh at happe nd ?" piped Ralph as 
he squirmed around to check the CRT. 

"The CRT momentaril y blanked out. I 
must have a compu ter problem or the power 
su pply is ready to give out. Hold on, let me 



check," I ye ll ed back and dashed o ut of the 
room, down the sta irs and into the base
ment. I stood in front of th e computer and 
momentarily watched the tw in kling lights. 
Wi th a grin that only a Cheshire cat could 
apprec iate, I leaned over to the computer 
and hit the rese t button which wou ld cause 
the mon itor upstairs to blank for about a 
second. I did this tw ice more for good 
measure and then pu lled the fuse , causing the 
entire computer to come to a dead stop. I 
ro ll ed th e fuse aro und in the palm of my 
hand a few times and gazed at it as I wou ld a 
go ld nugget. When th e momentary elation 
had passed, I pocketed the fuse and went 
back to the den. 

I cou ldn't have looked more depressed 
when I arrived upstairs. I ju st frowned in the 
direction of Ralph and sa id in a so mber 
tone, " It died !" 

"What do you mean, ' it di ed?' " was the 
frantic reply. 

"Just that, Ralph. IT DIED ! The powel' 
supply wh ich I jerry-r igged to add ex tra 
memory fo r yo u blew up and I don't know 
what else it took with it. I'm afraid we're 
out of bus iness for a long ti me," I added 
after a deep long audib le sigh. "Considering 
that this is like a chi ld to me, do you th in k I 
could be alone, Ralph?" This additiona l 
remark was probab ly a li tt le much , but I was 
real ly ro ll ing now. 

"Sure. Let me know how th i ngs are and 
whether you need any he lp. I hate to leave 
you feeling like this, but it probably is a 
time yo u wa nt to be alone." Ra lph gathered 
up his entourage and I waved as they ex ited, 
sti ll looking qui te sombel·. 

I closed th e front door, clapped my hand s 
together and too k off for the basement. I 
had the fuse out of my pocket by the time I 
reached the fuse box and in serted it 
immediate ly. The computer flashed back to 
life as I placed the black jac k tape I had made 
into the cassette recorder and hit the play 
bu tton. After the program was loaded, I 
took off upstairs with the dog close to my 
hee ls. I threw all my computer magaz i nes 
which I st ill wanted to I·ead down on the 
floor aro und the keyboard and sat do wn 
next to it myself, sti ll elated at my tr iump h. 
The dog, who had found a co mfortabl e spot 
in the midd le of all the papers, watched as I 
entered "RUN" on the keyboard. 

The program did its thing and d isp layed a 
message on the screen. Turn ing to the dog, I 
sa id, "Dog, you show a seven and a jack and 
the dea ler shows a si x. Do you want to stand 
pat or do yo u want another card?" 

"Woof!". 

Put exceptional 
versatility and control 
intovour 5-100 bus 
system with the 
Iblue boards' ... and 
save 
money 
in the 
bargain! 

XBl Extender Board 
Board Only 59.00 
With Connector $13.50 

MB4 4K Static RAM (lOW power) 
Kit 5129.95 
Assembled $179.95 

MBGA 8K Stallc RAM (low power) 
Kit $265.00 
Assembled $325.00 

MB3 2K14K EPROM (1702A) 
Kit less PROM's $65.00 
2K-$105.oo/4K-$145.oo 
Assembled board available r--------- .. 
I I 

: 16K : 
L _ (Available Apri l, 1977) _ J 

-------' 

: : : : : : : : : : : : : : : 
MTl 15 slot Mother Board 
Board Only $45.00 
With Connectors $105.00 

VB1A Video Boerd 
Kit $189.95 
Assembled $264.95 

~~1 $2~~eslzer Kit 

Assembled $325.00 

1/02 Interface Board 
Kit $55.00 
Assembled $79.95 

MB7 16K Static RAM (lOW power) 
Kit $525.00 
Assembled $599.95 

We're the blu'e boatds! 

Compare the Cybercom blue boards with any others on the market 
today. You'll find exceptional quality plus prompt delivery and 
significant cost savings. All Cybercom kits are guaranteed 90 days 
for parts and labor. 
Contact your local computer hobbyist store or write for details. 

~ ckjtBrcrrn A division of Solid Stata Music. 

2102A Walsh Avenue. Santa Clara, CA 95050 
Telephone (408) 246·2707 



A SOLENOI D 
TYPEWRITER HACK 

In past issues of your exce ll ent maga
zi ne I have noted items from you r 
readers expressing interes t in converti ng 
typewriters for use as pr in tout devi ces. 
The acco mp anying pictures show the 
results of my efforts along these li nes. 

The keyboard is a slightl y modified 
T eletype unit rescued f rom a sa lvage 
store whi le the typewr iter is a Smith 
Corona, Coronet, Super/12 electr i c 
portab le. Th e on ly modification to the 
typewr i te r was removal of the carr iage
shift-lock-key. The input/output is mod
ified RS 232C and operates at about 84 
bits per second in ASCII format. The 
typewriter keyboard actuators are so le
noids, also rescued fro m the sa lvage 
store, one per key with logic decoding 
circuitry and aG I /AY-5-1013 UART. 

LQwer case was se lected as format for 

letters to obviate a carriage shift for each 
letter printout. I haven't found the 
format to be obj ect ionab le; the error 
rate has bee n acceptab le for my hobby 
use with ma in maintenance i tems being 
r ibbon ca rtridge rep lacement and con
tac t clea ning on the keyboa rd. As yo u 
can see from the picture, the main effort 
during construc tion was fun ction not 
appea rance . 

An avid reader of BYTE magazine. 

Har o ld L Baldwin 

This allid reader is bashful, but with 
luck we 'll find him silting down at a 
typewriter to write on article on his 
typewriter Iwcl,. 

PROCESSOR ID NEEDED 

recentl y bought severa l PC boards 
w i th the in ten t of removing and reusing 
the chi ps. One of these boards is labe led 
ASSY 59 1700 Gen Purpose Proc
essor-FBA and it appea rs to be a com
plete 16 bi t processor. Before dis
mantli ng this board, I 'd like to f in d out 
if i t ca n be used as the basis of a 16 bi t 
mini. 

The on ly clue to the manufacturer 
seems to be the initi als or name LEC and 
the letters M/L-] etched on the fro nt of 
the board. I 'm no t famil iar with this 
company, so any information at al l an 
the boar°(j of the manu facturer would be 
much appreciated. 

Larry Ingra m 
20 Locust St 

Cambridge MA 021 38 

WI DE DISPLAYS IN CHUNKS ? 

I have ju st f ini shed read ing Dr Robert 
Sud in g's piece on te lev ision readout de
vices in the August 76 iss ue, page 66, 
and was in terested in hi s discussion of 
the bandw idth requirements of monitors 
versus characters per screen. 

As part of a project (stil l in progress) 
to deve lop a cheap te rminal for use on 
our campu s, I have co nsidered a method 
of displ aying more characters per line 
that are reaso nabl e on a single monitor 
by usin g mUltiple monitors w i th a l ine 
sp lit between 2 or more monitors. I n 
this scheme, two side by side 6 MHz 
monitors cou l d be used to present a 64 
by 16 form at, 3 in a row caul d display 
96 by 16 characters, and a 2 by 2 cluster 
could go to 64 by 32. 

The add i tional elec troni cs an d sw i tch
ing logic nee ded to support such an 
increase seems to me almost certa in to 
be far less expensi ve than goin g to higher 
ba ndwidth monitors whose cos t increases 
ve ry rapidly as l arge displ ays are required. 
(132 by 24 fo rm at is no t unreasonable 
to ask for since many printing termina ls 
have such lin e wid th s, and once used 
make a 32 characte r line ex tremely 
res tri c ti ve .) 

I am not aware of any efforts alon g 
th ese lin es; is anyo ne else? 

Robert E Monroe 
Associate Director 

Computing and Data Processing Center 
Way ne State University 

Detroit MI 48202 

64 by 76 line displays halle been 
demonstrated in one product which has 
pro r/en itself in the marl,e tplace already, 
demonstrating at least that resolu tion 
capability with a standard television 
bandwidth. As far as I'm concerned, 
howeller, a far be tter thing to do is to 
halle a multi-window text editor with 
separate wide displays for different 
kinds of information in the text file . 

For instance, as a documentation 
machine, consider two side by side dis
plays (64 characters wide or more) with 
one containing indexing, outline, or 

Continued on page 115 

(ASSETTE OR FLOPPY DISK? - PER(OM GIVES YOU A (HOI(E' 
THE CASSETTE I/O THAT WORKS! 

• Complete CASSETTE & TERMINAL I /O 
• ALTAIR/IMSAI plug-in compatib l e 

SWTP 6800 and others avai la b l e 
• KANSAS CITY/BIPHASE Standard 
• Self Clocking-immun e to tape spd 
• 30-240 bytes /sec Cassette I/O 

{fastest RELIABLE Cassette!} 
• 300-9600 Baud Data Terminal I/O 

(RS-232 compatib l e!) 
• Works with ANY cassette recorder 

(even at 120 and 240 byt es/sec) 
• Load /Dum p Software includ ed 
• Provision for remote control 
• Run 2 Cassettes Simultaneou sly 
• 25 Page Instruction Manual 

$89.95 KIT $119.95 ASSEMBLED 

Instruction Manual only $4 . 00 
{refunded with order} 

THE NEW LI'L FLOPPY' 
"now you can afford a floppy!" 

• Compact 3~"x6"x9" 
• Uses the comoact disk drive 

and low cost 510 " diskettes 
• Stores 95.2K bytes/diskette 
• Load 12K bytes in 2 seconds 
• ALTA I R/IMSA I and SW TP 6800 

Interfaces (specify w/ o) 
• Wor ks with existi ng software 
• BA SIC ETC and other so ftware 

availab le (extra cost) 
• Price i nc ludes one disk drive 

enc losure. cab le s. interfa ce 
2 d i ske ttes . driver software 

$695 KIT $810 ASSEMBLED 

Instruction Manual only $10 
(refunded with order) 

, -
I I 1,_ 

Delivery is 60 days ARO Dealer inquiries invited 

I LlEfU)()MI Call or write for complete spec ifications 
lAuAMERrCARD • 

PERCOM DATA COMPANY • 4021 Windsor. Garland, Texas 75042 • (214) 276·1968 
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And now minis too! 
All from a catalog, at discount prices. 

Digital's Direct Sales Catalog
the first catalog to offer com
puter products by mail with 
off-the-shelf delivery - was 
such a success, we've cmue out 
with an expanded second edi
tion thatincIudes the PDP-SA, 
the newest member of the 
world's most popular mini
computer family. 

We've also added the LAlS0 
line printer and expanded the 
sections on microcomputers, 

~( 

",.,rl 
\~ 

logic modules, terminals, cab
inets, connectors, accessories, 
and supplies from the first 
edition. 

Of course, you still get our 
5% catalog discount, plus 
another 4 % for cash with your 
order. You also get a lO-day 
free trial period, plus our stand
ard 90-warranty. (Since we're 
selling by mail, you do have to 
install the equipment yourself.) 

If you were among the thou-

sands who ordered our original 
ca talog, you'll get the new one 
automatically by mail. 

If you weren't, why not sign 
up now? 

For your free copy, calISOO-
225-94S0(~ass.617-4S1-7400 

ext. 660S). Or write: 
Components Group, Digital 
Equipment Corp., ~R2-2/~59, 
One Iron Way, ~arlborough, 
~ 01752. (Catalog sales to 
u.s. only.) 



A Review of 

Tom Pittman's Tiny BASIC 

Richard Rosner 
Pocono Rd 

Brookfield CT 06804 

While at the Personal Comput ing 76 
Trade Show at Atlantic City I bought a copy 
of Tom Pittman's Tiny BASIC Interpreter 
for my home computer, a 6502 with the 
MOS Technology TIM program in read on ly 
memory. Tom Pittman has several different 
versions of Tiny BASIC for different sys
tems. I purchased the KIM version even 
though my computer uses a Teletype and 
the TIM in stead of a keyboard . This a ll ows 
me to load the interpreter starti ng at 0200 
hexadecimal instead of at 1000 hexadecimal, 
leaving more memory space for my user 
programs. 

Tiny BASIC is a subset of Dartmouth 
BASIC. It can handle on ly 16 bit signed 
integer numbers between - 32768 and 
+32767 and recogni zes th e following 
commands: 

CLEAR 
INPUT 
LIST 
PRINT 

REM 
LET 
IF ... THEN 
GOTO 

GOSUB 
RETURN 
END 
RUN 

The o nl y operations und erstood by Tin y 
BASIC are additi on, sub trac tion, multiplica
tion, and division (+, - , *, and n. There are 
two intl-insic funct ions. One ge nerates a I'an
dom number and the other, USR, all ows 
subroutine jumps to machin e language pro
grams . More abo ut USR latel·. 

Even with these limitat ions, Tiny BASIC 
is very powerful. It is easy to lea rn and use, 
and programs can be written ve ry quickly. 
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To use Tiny BASIC you first load the paper 
tape of the interpreter into the program
mable memory . This takes about ten min
utes on a Teletype. Then write the addresses 
of the 10 routines into the proper locations 
and jump to the start of the interpreter. In 
less than an hour I had it up and runnin g. I 
wrote and debugged a plot routine one 
Friday ni ght and made severa l revisions by 
the time the weekend was over. 

The Tiny BASIC plot program shown in 
listing 1 accepts the X and Y ori gin and the 
X and Y increments as inputs. Then, using a 
function p'laced in a subroutine, the program 
plots a 50 by 50 point graph. 

The first input, on lin e 10, determines the 
form of the output. A 1 input stops the 
program after the LIST comma nd at line 20 
causes lines 1000 to '1999 to be printed. 
These lines are the subroutine containing the 
function to be plotted. 

A 2 input causes a request for two more 
inputs: the X ori gin and the X increment, T 
and V in line 200. The printed outpu ts are 
the functi on to be plotted and a tabl e of X 
and Y va lues. This tab le is helpful in 
choosing the Y origin and Y increment to be 
used for the graph. 

A va lue of 3 as th e f irst input causes a 
request for four more inputs: the X ori gin , 
th e X increment, the Y o ri gin, and the Y 
increment ; T, V, U and W in line 300. The 
outputs are the function to be plotted and 
the graph . 

Lines 205 through 290 generate and pr in t 
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the table of X and Y va lues. Starting with 
the first X, which has the value of T, and for 
ten other X values spaced at f ive times the X 
increment, eleven Y values are ca lcu lated by 
ca ll s to the subroutine at line 1000. In Tiny 
BASIC, PRI NT statements are abbreviated 
" PR. " The PRINT statements at lin es 210 
and 215 print the heading and the PRINT 
statement at line 230 prints the X and Y 
values. The I F statement at line 250 con
tinues the loop until the eleventh X and Y 
values are ca lcu lated and pl·inted. 

Lines 310 through 590 genel-ate th e 
graph . The PRINT statements at lines 3 10 to 
340 print the heading. Line 320 prints three 
va lues of y _ U is the va lue of Y at the or igin, 
U + 25 * W is th e va lue of Y at the midpoin t 
of the Y ax is, and U + 50 * W is the greatest 
va lue of Y plotted. The subroutine ca ll at 
line 360 brings in a val ue for Y whi ch is 
scaled and rounded up at line 365. Lines 370 
through 500 print the X va lue, the X ax is, 
and a "<" or "+" to indicate the va lue of y_ 
If the sca led va lue of Y is less than ze ro, the 
I F statement at line 370 causes a jump to 
the PRINT statement at line 490 where a 
caret is printed on the X axis to indicate that 
the va lue of Y is be low the lower limit of the 
Y ax is. If the sca led value of Y equals zero, 
th e IF statement at line 375 causes a jump 
to line 500 wh ere a plus sign is printed on 
\ '1-,<t 'f.- axis. If th e scra led va lue of Y is greater 
than zero, the PRINT at line 380 pr ints the 
value of X and an exc lamation mark for the 

Listing 7: Tiny BASIC listing for a plo t routine using a function. The 
equation to be plotted is in the subroutine located at lines 7000 through 
7999. The routine has the ability to print three types of outputs. If a value of 
7 is input oi71y the function to be plotted is printed. If a value of 2 is input 
the program requests the X origin and increment to generate and print a table 
of X and Y values for the equation on line 707 O. The X increment is always 5 
times the input increment value. If a value of 3 is input the program requests 
the X, Y origins and increments. The output consists of the equation to be 
plotted and the graph. 

X ax is. Th e semicolon at thi s PRINT state
ment causes the next PRINT statement to 
write on th e same line with out any spac ing. 
If the scaled va lue of Y is grea ter than 50 the 
PRINT at line 400 closes thi s line and causes 
the next PRI NT statement to start printing 
at th e beg inning of the nex t lin e. If the 
sca led va l ue Of Y is between -I and 50 the 
sta tements on lines 430 through 470 cause a 
plus sign to be pr inted Y spaces above the X 
ax is. The state ments at lines 510 and 520 
increment X and contin ue the loop until the 
las t (51 st) va lu es of X and Y are computed 
and pl otted . 

The exa mpl e of I isti ngs 2 and 3 are fo r 
the cubi c equation: 

Listing 2a is the tab le of va lues for X and 
Y starting at X equ al to - 50 with an X 
incremen t of 2. Th e jump to negative va lues 
of Y (at X equal to 40) and the exceptional 
va lues of Y at X equals - 50 and - 40 are due 
to computati ons exceedin g th e I-ange of Tiny 
BASIC. Li sting 2b is the same table with the 
first term rearranged_ This keeps th e value of 
Y within the range of prec ision for variables 
for a larger range of X. Li sting 3 is the plot 
of the equation with th e starting value of X 
eq ual to - 25, th e X in crement equal to 1, 
and th e starting va lu e of Y and the Y 
increment equal to - 100 and 4, respectively. 
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Listing 2a: The 2 command has been read telling the program to request a 
value for the X origin and increment. A table of X and Y values for the 
function of line 7070 is also output. In this example the X origin is -50 and 
the X increment is 5"'2. For the X values of - 50, -40, 40 and 50 the 
incorrect Y value is given. This is because the value that is computed is 
outside the range of the Tiny BASIC's capabilities. After loo/?ing at this table 
the origins of the program can be changed so that values capable of being 
used are generated. Another use of the table is to determine the values of the 
Yaxis. 

1 999 "I!Er·j..t'll 

- i i -"'''1:i 3 
- oJ -44'J7 
- ] 1 - 9') I I 
- ~ . ., - J~ 4\ 

-I' - '-)1 \ , -I 

" 
-31 

~ ~ 8 3 '! 
J '" ., '" 0' - ,} I h 
s; - R'I ' 'J 

A small program change in lines 1000 to 
1999 allows discontinuous functions to be 
generated and plotted as in listing 4. These 
lines are the ones that contain the function 
to be plotted. In stead of using a simpl e 
express ion, conditions are set up to deter
mine the starting Y value of the graph on 
line 1060, the upper and lower limits be
tween which the graph will osc ill ate on lines 
1020 and 1000, and the risetime and fal l
time of the graph on lines '1040 and '1051. 
By exami ning lines 1000 to 1999 in listing 4 
it can be seen that the graph is independent 
of X but is a function of its own previous 
value. 

If you want to use the entire graphing 
routine as a subroutine you may want to 
renumber each line. Be sure that there are no 
statement number conflicts with your 
rou t ines and that al l GOTO, GOSUB, and 
LIST statements are properly changed. As an 
alternative you can use statement nu mbers 
from 2000 through 32767 and put a "GOTO 
(first line number of your routine)" at 
statement numb'er 1. 

You will not ice that no unnecessary 
blanks are included within each statement. 
This makes it slight ly more difficult to read 
the program but does conserve space. Each 
blank requires a byte of storage. At an 
average of 2 blanks per line, this saves 90 
bytes. As shown in li sting 1, the program 
requ ires about 650 bytes of programmable 
memory storage . 

The USR instruction all ows a Tiny 
BASIC program access to machine language 

Listing 2b: This is a run of the program under the 2 command using the same 
origin and increment values as in listing 20. The function to be graphed, 
however, is still a cubic. Rearranging the order of operations helps avoid 
overflow errors. With this equation the only value that falls outside the ability 
of Tiny BASIC appears when X = -50. 
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subroutines and to the rest of the memory 
space including 10 ports. The format for 
using USR is : 

D = USR ( P, L, A ) 

wher-e P is the address of the mach ine 
language subroutine, L is a variable passed 
through the X and Y processor registers, 
and A is a variable passed through the 
processor's accum ulator. Upon exiting from 
such a user subroutine and returning to Tiny 
BASIC, the high order eight bits of Dare 
taken from the Y register and the low order 
eight bits of D are taken from the accumu
lator. The D, P, L and A values are in 
decimal. 

Two subroutines addressab le by the USR 
function are included in Tiny BASIC. These 
are the PEEK and POKE routines. The 
PEEK routine reads the byte at locat ion L, 
converts this byte to its decimal equivalent 
and sets D to this value. The POKE routine 
loads the low order eight bits of A into the 
memory location specified by L. The PEEK 
routine is located at P = 532 for the KIM 
version and the POKE routine is located at 
decimal address P = 536. The addresses for 
the TIM version are decimal addresses P = 
4116 for PEEK and P = 4120 for POKE. For 
the 6800 these addresses are P = 276 for 
PEEK and P = 280 for POKE. 

With these routines you can read and 
write into your computer's 10 ports. Set L 
to the port address, decimal, P to the PEEK 
address and execute 

D = USR ( P, L ). 
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1,J ':H REM fHE E~J ':H I 'J .\J ro >i~ ~L)frEU I !:) 
I~I ' " Y=X"X/ 4 "' X -]. X 'X+-2I<X-\ 
I 999 ~E fi.HN 

-0; ~ 6';B') -o. - ~ H'BI 
-:l ~ -';I 'l l I 

- '2." -3 ~ 4 I 
-1".1 -')71 

• -I 
I . -31 
2. 839 
) ,' 4\ ~9 ., J \ 2 79 
5. 23B.lI9 



:~UN 3. -~ c;.. I , -I "" ~~' -4 

10Q~ REM fH E E ,JU~TJO~ fO ~E PLOfrEo I ~ 

l 'lt l~ Y=X . X . X/4 - 3 . X."x" 2 "x- 1 
Il ~.d ~E fU .~N 

Y = -I ~3 
o 

I .. 

X= ----------------------- -- ----------------- ----- -- --
- 2 ') 
- ~ lt 

- 23 
- 22 
-21 < 

- 2 .! 
-19 
-18 
-17 

-" -" 
- I . 
-13 
-1 2 
- II 
-10 
-9 
-8 
-1 -, 
-5 -. 
-3 
- 2 
- I 
~ 

I 

2 
3 

I" 
II 
12 
13 
I. 
IS 

" 11 
18 
1 9 

~" 
2 1 
22 
2 3 
2 . 
2 5 

The port data is loaded into D_ Set L to th e 
decimal port address, P to the POKE ad
dress, A to the value to be transferred and 
execute 

D = USR ( P, L, A )_ 
This causes the value of A to be written into 
the port. 

By using the PB7 pin on a 6530, ve ry 
accurate pulses from two microseconds to 
about a quarter of a second in width can be 
generated directly from Tiny BAS IC If Lis 
set to the base address of the 6530 timer, 
then the addresses L + 12, L + 13, L + 14 and 
L+15 determine a factor by which A is 
multiplied to get the pulse width_ These 
facto rs are: 

Address Pulse Width 

L + 12 1 * A 
L + 13 8*A 
L + 14 64 * A 
L + 15 1024 * A 

If the 6502 is using a one megahertz clock, 
executing the line 

D = USR (536, L + 13,216) 

Listing 3: The plot of the cubic equation whose table of I/alues is shown in 
figure 2a. The graduations on the Y axis are from - 700 to +7 00. A caret is 
found on the X axis from the I/alues of - 25 to -5. This mark indicates that 
the point on the graph is less than the Yorigin, in other words is less than 
- 700 for this example. If the I/alue of Y is equal to 0, a plus sign, +, will be 
printed on the X axis. If the I/alue of Y is greater than 0, an exclamation 
poin t, !, will be printed on the X axis, and a plus sign will be printed at the 
I/alue. 

causes a pul se of width 1728 J.1s ( 8 * 216 ) to 
be generated at PB7. PB7 must be set up as 
an input (not output) and the 6530 timer 
must be ded ica ted to this fu nction. 

To return to the T IM monitor the Tiny 
BAS IC program should execute this se
quence of state ments: 

D = US R ( 536, 0, 0 ) 
D = USR ( 536, 1, 96 ) 
D = USR ( 0) 

Th e first instruction loads 00, the 6502 BRK 
software in te rrupt in stru ction, into location 
0000. Th e second in structi on in th e above se
quence loads 96, 60 hexadec imal, the 6502 
RTS return from subroutine instruction, 
into location 0001_ The last instruction 
causes Tiny BASIC to jump to the sub
routine at 0000 where the instruction exe
cuted by the 6502 causes the T I M mon itor 
to take over. To return to Tiny BASIC, just 
have the TIM monitor execute the instruc
tion at 0001 by typing lOG" at the console. ' 
If the seq uence of instructions above was 
executed from a Tiny BASIC program by 
preced ing each instl-uction with a line num
ber and commanding RUN, the next in struc
tion in the user's Tiny BASIC program will 
be executed when I-eturning from the TIM 
monitor. 

Sav ing and reload ing programs from pa
per tape or magnetic tape is easy with Tiny 
BASIC if you have a debugged version of the 
interpreter. The proced ure is to save the 
program by typing LIST, turning on the 
paper tape punch, and pressing the RE
TURN key on the Telety pe. To reload the 
program press LINE FEED, load the paper 
tape into the tape reader and turn the reader 
on. The LINE FEED comm and su ppresses 
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Listing 4: Plot of a sawtooth function. The fun ction is independent of X but 
is dependent on the previous value of Y. This type of graph may be plotted 
by changing lines 7 000 through 7999 from those shown in listing 7 to those 
shown at the top of th is listing. These changes allow you to specify the Y 
value that the graph should start at, the upper and lower limits between 
which the graph will oscillate, and the rise and fall times of the graph. Using 
this type of evaluation technique a wide variety of discontinuous or 
oscillating functions can be generated. 

outpu t from the interpreter to al low more 
than one line at a time to be read in without 
interfer ing line prompts wh ich can cause the 
input through the tape reader to lose 
sy nchroni zation . If the LINE FEED com
mand does not suppress I ine prompts then 
you may have a bug in the interpreter. In the 
KIM version check hexadecimal locations 
06C7 and 06CB for 13 hexadecimal, X off, 
and OA hexadec imal, LINE FEED, respec
tively. These bytes may be reversed. If they 
are, switch them and try agai n. I n the TI M 
version check locations 14C7 and 14CB. In 
both cases the lower location should contain 
13 hexadecimal and the higher location 
should contain OA hexadec imal. Only tapes 
shipped before September 1976 should have 
th is problem. 

To obtai n a copy of the Tin y BASIC 
in terpreter for your machine , send a descrip
tion of you r system along with a check for 
$5 to Tom Pi ttman, itty bitty computers, 
POB 23189, San Jose CA 95153. In return 
you wi ll receive the intel'preter on a paper 
tape and a user's manu al. The 6502 mi cro
pl'Ocessor, TIM, KIM, and 6530 are availab le 
from MOS Technology Inc, Morristow n PA, 
as is a line of KIM-n products which can be 
assemb led into a complete computer.-

LET YOUR COMPUTER XPRES ITSELF! 

Your computer can control 
li ghts, burglar alarms, . 
Hi-Fi 's, PHASORS; 
practically anything if 
properly interfaced. 

XPRES is a compl ete interface system. ONE EIGHT BIT PORT 
OR ONE SERIAL PORT CONTROLS 128 SEPARATE DEVICES. 
Connect to IMSAI , Altair, or SWTPC; any processor with an 
e ight bit or serial po rt. Use ISB-01 for serial connect ion to 
processor. 

Wash. residents add 5.4% tax. eRe EnQineering 
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IM~ system mother board, ho lds five interface boards, 
complete with connecto rs. KIT $28.00 

IFB-01 interface board , controls two 115 VAC 300 watt cir-
cu its. Optica lly isolated. KIT $38.00 

IFB-02 in terface board, controls four 3 amp 115 AC/ DC 
circuits w ith on-board relays. KIT $58.00 

IFB-03 prototype board, build you r own in terface. Board 
includes XPRES bus decoders. KIT $15.00 

IFB-04 interface board, controls 4 sma ll signal AC/DC cir-
cu its w ith reed relays. KIT $36.00 

IFB-05 drives 4 IRB-01 remotes (below) with low vo ltage 
lines . KIT $29.00 

IRB-01 remote 115 VAC 300 watt interface. Build into your 
own equ ip. 2" X 2'/2". KIT $17.00 

ISB-01 drive XPR ES system With a single TTY line, 20 ma., 
RS232, or TTL. Plugs into IMB-01 . KIT $48.00 

P.O. Box 6263 
Bellevue, Wa. 98007 
(206) 885-7038 • 



Peripheral Vision 
• cts 
your computer. 

WITH A 
FULL-SIZ~ 
LOW-CO~I 
IMPACT 
PRINTER. 

Until now, the hobbyist and small businessman have had one major problem in assembling 
a reasonably price microprocessor system with the capabilities found in the more costly 
computers. It was impossible to find a high-quality, high-output printer for hard copy needs at 
an affordable price. 

Peripheral Vision has come up with a solution. 
We are offering a full-size impact printer designed for microprocessors-and it comes 

with a mini price. Kit prices start as low as $495 for the printer and interface card. And that won't 
impact your pocketbook. 

Peripheral Vision's printer is loaded with capabilities. Take a look: 
• It's fast-120 characters per second 
• 96 characters per line, 12 characters per inch horizontal, 6 lines per inch 
• Makes up to 4 copies simultaneously 
• Character set and pitch variable under software control 
• 5 x 7 character matrix 
• Ribbon has built-in re-inkers for a life of 10,000,000 characters 
• Paper can be either a standard 8V2-inch roll, fanfold or cut page 
• Interfaces to 8-bit parallel ports 

Just remember, Peripheral Vision is committed to helping you get along with your computer. 
The new printer we are offering is another example. It is high quality, low in cost and will 
definitely impact your system . 

Write or call now to find out how to impact your computer. 

p.o . Box 6267 Denver, Colorado 80206 (303) 777-4292 



A Software Controlled 

1200 bps Audio Tape Interface 

Carl Helmers 
Editor 

Often a piece of equ ipment is designed 
which will perform perfectly well in the 
mode of its intended operation, but which 
can also perform in ways not necessari ly 
intended by the designer. An examp le of 
such a situation is the AC-30 audio tape 
cassette interface subsystem described by 
Gary Kay in his article in December 1976 
BYTE, page 98, and manufactured by 
Southwest Technical Products Corporation. 
In a box accompanying that article, I noted 
the possibility of running Gary's design 
considerably faster than the nominal 
300 bps rate of the "BYTE" or "Kansas 
City" standard for audio cassette recording. 
Since mak ing the comment, I have inte
grated the AC-30 into my homebrew Motor
ola 6800 system and have worked out the 
details of this high speed use of the AC-30. 

The Kansas City standard uses an AC 
coupled redundant phase encoded method 
of recording which takes advantage of the 

aud io recorder's eXisting electronics. Re
taining the original audio electronics allows 
continued normal use of the audio medium 
when you're not using the computer. This 
type of modulation is often generated from 
a 4800 Hz clock source and a UART (uni
versal asy nchronous receiver-transmitter) or 
ACIA (asynchronous communications inter
face adapter) integrated circuit interfaced to 
the computer's bus to do the shifting out of 
data. Gary assumed an ACIA o r UART 
would be used when he design ed the AC-30. 
Th e same clock which is divided by 16 in the 
UART shifts the data out to the modulator, 
and is used by the modulator to generate an 
output waveform; on receipt of data from 
tape, the receiver section of the UART or 
ACIA uses a clock at about 4800 Hz which 
is derived from the 'tape data. The logic in 
the AC-30 which is used to generate and 
decode the waveform is only dependent 
upon the 1200 Hz and 2400 Hz frequencies 

Figure 7: Timing of various interface signals. This diagram shows audio and TTL logic level signals for 300 bps and 7200 bps 
data referenced to the same 4800 Hz clock shown at E. On output, the timing of the clock governs generation of the waveforms, 
and on input the waveforms of A or C are used to regenerate clock data which averages 4800 Hz but with some jitter. The 
waveforms of A and B, respectively, show filtered audio and equivalent redundant Manchester I encoded digital data for a 
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which are der ived from the 4800 Hz output 
clock by frequency division in toggle flip 
flops. 

The fact that it is only the 1200 and 
2400 Hz frequencies on the tape wh ich 
count when modulating or demodulating the 
data is what makes this trick of 1200 bps 
recording with the AC-30 possible. Figure 1 
shows the typical waveforms of the redun
dant phase encoded format at the beginning 
of a 300 bps character transmission from the 
UART or ACIA, and for an entire character 
transmitted by a suitable algorithm in the 
asynchronous data format at 1200 bps. For 
300 bps transmissions, a logical 0 bit in the 
tape record consists of four complete cycles 
of 1200 Hz and a logical 1 bit consists of 
eight complete cycles of 2400 Hz. The 
switching between the two frequencies is 
synchronous with the zero crossings so that 
when the digital square wave signals gener
ated by the logic are filtered in the AC-30, 
and by the act of recording on magnetic 
tape, the results coming back into the 
demodulator are smooth sine wave ap
proximations (see figure 1 A for the 300 bps 
versio n) . I n the 1200 bps version, we 
eliminate most of the redundancy from the 
redundant Manchester' code by using only 
one complete cycle of 1200 Hz for a logical 
o bit, ana two complete cycles of 2400 Hz 
for a logical 1 bit. If we were to use a true 
Manchester I phase encoding method (see Ira 
Rampil and Jack Bremier's artic le in March 
1977 BYTE, page 38), a 2400 bps rate 
would be possible by eliminating one more 
leve l of redundancy. But the design of the 
AC-30 preve nts generat ion of the true phase 

encoded signal and the goa l was to use the 
AC-30 without any hardware modifications 
in its circuit. 

With this analysis of the situation, and a 
mental picture of what is seen in figure 1, I 
set out to make an interface which would 
drive the AC-30 at 1200 bps. Since I am a 
software person at hear't, and since I wanted 
to allow the possibility of eventually dis
pensing with the asy nchronous communica
tions fo rmat by means of a new program 
design, I decided to leave out the UART or 
ACIA chips and m'ake a simple hardware 
interface for a programmed data format 
driven by interrupts. 

The Hardware: A Dedicated Port 
and Real Time Clock 

In order to do a software simulation of a 
data transmission format, some form of 
timing must be generated, both as the 
4800 Hz clock source for output through 
the AC-30 and to synchronize data with that 
clock or the tape derived clock on input. 
Within the context of my own system, and 
bearing in mind more general uses of the 
technique as well, I chose to use a separate 
timing source driving the processor's non
maskable interrupt (NMI) line as the means 
of synchronizing the software to the time 
base. On output, the NMI line would have to 
be driven by a 4800 Hz clock source; on 
input the NMI line would have to be driven 
by the derived clock provided by the AC-30. 

The output clock source is a simple 555 
oscillator', IC9 in figure 2. This was set up 
with a variab le res istor and a timing capac
itor such that 4800 Hz was well within the 

300 bps signal. The time ordered sequence of data starts with a "start" bit followed by ·several data bits. The waveforms of e and 
D show a complete character transmission at 7200 bps both as filtered audio (e) and redundant Manchester I encoded digital 
data (D). Above Band D are shown verbal descriptions of the data being transferred. Noted below signals Band D are the values 
of the variables ST30 and BITe during output operations (see listing 7 and procedure 6). 
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Figure 2: The hardware needed to add this general purpose high speed A C-30 interface. The logic includes address decoding for 
the addresses in listing 7 and table 7, latched output from location 760 for control and data transmission purposes, drivers and 
receivers for RS-232 lines, an oscillator time base for output interrupts, as well as interrupt control logic and an open collector 
driver for the nonmaskable interrupt line. For those who use a commercial 6800 system, the bus pins should be allocated to the 
equivalent bacl?plane pil1S of your system, and address decoding should be altered to fit your system. The names used in 
commercial products are usually similar to the Motorola documentation from which this system was designed. 
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tun ing range. The .01 fJ.F disk ce ramic ca
pacit0r C2 wh ich I used as part of the 
freq uency determ ination network fo r the 
oscill ator may not have been the best cho ice 
for insensitivity to temperature and long 
ter' m freque ncy stab ility, but previo us ex
perience with 555 osc ill ato rs of this ty pe 
proved stable over the course of nearly a 
year of use in a slower tape in terface wh ich 
had been my pri mary mass sto rage method 
unt il now. 

After the osci ll ator is wired, it can be 
tuned to 4800 Hz by severa l methods. One 
method is to bor row a friend's freq uency 
meter, or use an osc ill oscope with pre
sumably accurate ca lib ration of its t ime 
base. I used a simp le in terrup t dr ive n pro
gram in the processor to coun t the number 
of processor' cycles between clock in terrupts 
since I do n't trust my osc illoscope's calibra
t ion and don't have a frequency cou nter, but 
do have a crysta l controll ed processor clock . 

Listing 7: An assembly of the A C-30 inter
face routines. The origin of this assembly 
was chosen arbitrarily as hexadecimal 2000 
to simpli fy relocation. In actual use, the 
routines were assembled to end Lip at the 
top of the previous code limits fo r 
the author's IMP 6800 monitor and text 
editor programs. (IMP, which resides in write 
protected memory at locations 7000 to 
I FFF, stands for "In teractive Manipulator 
Program. '') The addresses of FLA G, M EM 
and ERRS used here are set by the structure 
of IMP - as arguments in different versions 
of this set o f routines, any old address would 
do. The 10 address locations reflect the 
hardware of figure 7, and MILl is a one 
millisecond delay loop program resident in a 
random piece of ROM which fills up part of 
the bootstrap ROM of the system. In the 
system in which this algorithm was used, the 
NM I (and other interrupts) vector to jump 
instructions in programmable memory in the 
first 72 bytes of address space. 

Number Type +5 V GND - 12 V +1 2 V 

ICl 74 154 24 12 
IC2 7402 14 7 
IC3 7430 14 7 
IC4 7400 14 7 
IC5 7404 14 7 
IC6 74 10 14 7 
IC7 7401 14 7 
IC8 7400 14 7 
IC9 555 8,4 1 
IC10 OM8833 16 8 
ICl l OM8833 16 8 
IC12 OS1489 14 7 
IC13 OS1488 - 7 1 14 
IC14 74 100 24 7 

L.U ,;f\J rl 1 

?nnn 
~r)nn 

?OOO 
?,flflf) 

~nno 

:::!n(')n 

~illln 

pnnn 
?nnn 
p.l1nn 
21l0() 
~()no 

2000 
?OOO 
?OQO 

2000 
?flon 
2nOn 
2000 
?nno 
200n 
00<:'0 
no 51 
on')? 
0053 
()O~ll 

2 0 0 0 
oo~') 

on ~7 
nO')Y 
?,oon 
on Sll 
n I r,n 
0 1 6 1 
n I 63 
0 13R 
2flnn 

000 '1 
2000 
0021::: 
OO I S 
00 3:3 
2000 

> liHll S?OO O 

A~ - JU l ~ r ~H~A~~ ku u r l ~ ~S 

" ~YTl:.. s rA NUARLJ " INT EHrA~t: ':;u rrwAHt: 
ALSu CALLElJ " r<.AL\lSAS C I TY"~ " C UTS " r url1w'J/ .. \.j" 

Hu r A HLJS~ dY ALW UrHl:..H .\lI-\Ml:. ST I LL :),"liLLS 

llENE~A L AC - 30 Iu LJES I ~~ELJ UECE~8l:.R ~ 6 I ~ ~b 

rAPt 2UOA LuCA rl u,1j 020 r! Li=" AC-:JO [u" 

THIS SE r ur HUUT I~~S RU~S AT 300 uN 1200 BPS 
AT 300 BPS , IS "HYT.I-.; " , " t\Al'>J S AS Cl fY " uR " C U i'S " r urvu" l 
A T 121)0 BP S, IS 1200 BPS H l:: LJ UNDA l'l f l"'lAl''.JCh t.. SI'i: .. R 1 

PHASl:: b \'CulJll\'l; 
THE VAH I AI3 L t.: " RA T !:. " IJl:..fl::H,·llNE5 ::i Pl::l::lJ uE' uAfA 

l::QUA r l::S 
>5T30 EQU :i>~O uUTPUT BI T STA Ii'. .. 
>ll I TV J::QU $~ I uU f PUT i::1 1 1 VAL Ul:: <U vA I ) 
>81 f C l::Q u jS2 uUTP UT Blf CUU~ f 

>UATL ~QU i5J LI:..~T DATA' fRA ILJ:::H 
> lJA T H I:;QU iSlI R l l1 ti f UA f A 6< S TAH l' B lf 

I N ARTIC L E , " lJAT " HdJ::RS Tv tH.JfH u~ Aduv.!-.. 
>NXUA EQU ~5~ NEXf UATA ( 2 BYf!:..S) 
>Dl:: L A EaU ~~1 Ul::LAY CUUNT ( 2 BY T l::S) 
>HATl:: EaU $~Y DATA HA'fE 

300 BPS VA LUl:: = 1 6 1 200 i::1 PS VALU .!-..=lI 
> HAL~ J:::QU iSA HALr RAT l:: 
>AC30 l::QU $ 1 Ml AC3iJ lJATA UUfPU T ANlJ i I>JPUT AUuHiSS 
>ACbU EQU S 1 6 1 UUTP UT NM i i NTERRUpr l::NAB L~ AUUHl::SS 
>ACu i- EQ U ::' 1 63 NMI I NTl::HRUPf lJI SAtlLE A UUHl::SS 
>M I L I EQU $ 1 3R MI L I (H) - B M I LL IS l::Cu~U U~LA Y 

MILl I S A T I MI N~ L uUP 1 ~ MUNIfvR 
>NM I V EQU 1 4 I\M l AUUHl::S ::; VECTuH 

.JMP UP CUUt:: A T L u CA fI iJN £3 ALLu\JS wH I fAB L t.. V.t:CT vH 
>FLAG l::QU 1 21-: l"JuNI T u H' S i NP Uf v R u UTP U r T HAI"S r1:..H ~LAb 

>M~M ~QU $ 1 5 ~uN I 'r uH ' S l::V u LVi~b UAfA PuI~TEH 
>ERRS EQU i33 MU~ITuH ' S ERRvR CUUNT ~ I l::L~ I N V~R I ~ Y 

2000 > . THE ~'UL LUW I Nb .JUMP S S IMP LI~ Y PA r CH I ~b I N f v MUN l l'uH 
2000 >. DURI NG I N ITI A L T£S T I l\lb B Y PRU VIlJIN l:. "IX l::~' E,\jT HI 1:.S 
2000 7l:: [)O 00 >UPl:: l .JMP UI UP 
R003 7 ~ 00 no >HEAO JMP U I AU 
200 6 7E 00 00 > WRIT JMP U I WR 
9.009 'IE 00 00 >VRFY .JMP U1 VY 
200C 'IE 00 00 >CLUS JMP U 1CL 
20nF 7 E 00 00 >uPl:':2 J MP U2UP 
20 1 2 
?O 1 2 AC -:30 Nl'1 1 INT ERRUPT HAl\jlJ LER 
~O l :? >CY30 l::Q U 
?o 1 2 911 5 1 
20 I II AA r E 

8 I TV 
... i.~e: 

20 1 6 H7 0 1 60 > 
20 l l J 'fA (H) ~O > 

20 I C 2 " no 

LUAA 
URAA 
STAA 
lJEe 
BC:Q 
RTI 
eLRA 

AC30 
S'£30 
N!=:XB 

20 I 1-: 38 
?O I F lIF >NEXB 
20 I IJ 0 I 
~O:>O "/7 0 0 53 > 

2023 '/6 00 54 > 
202h 211 no 

ASR 
ROR 
BCe 
I NC A 
S T AA 

DAlL 
UATH 
CY ZN 

202R 4C 
202Q 47 5 1 >CYZN B ITV 
2n?'i 0 I 
20 28 1.J6 S2 
?'O~ U 2'/ 00 
?'02~ lIA 
2030 cn :;2 
202r: 0 1 
203? Q6 Sq 
2031.1 4 ', SO 
20 36 38 
203 7 
2037 
2031 
203'/ 
2037 
203 7 
20 37 
2007 20 37 
2037 96 52 
2039 26 FC 
2038 DE 55 
2030 Ul=' 53 
2031-' R6 OB 
201.11 9'/ 52 
20113 H6 ,,-F 
20115 9'/ 55 
204'1 DE 1 5 
20 4 9 A6 00 
20 4 8 97 56 
20 1l 1J 7A 00 
2050 7-J 00 
2053 39 
2054 
2 054 
20 5 4 86 04 
2 010 20 5 '~ 

2056 9 7 5 9 
2058 20 00 
2 05A 
205A 
20SA 86 10 
200 1 20 SA 
205C 97 59 
205E 96 59 
2 0 59 Oll 
2060 47 
206 1 97 SA 
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LUAA HITC 
8 l::Q CYZH 
DEe A 

>CYZR STAA B I.TC 

L DAA RATE 
S T AA 5'£30 
HTI 

AC - 30 MUNIT UR RO UTI NES 

WR I T E AC - 30 300 BP S 
>U I WR EQ U 

L UAA B ITe I F B IT CU UNT > 0 THEN \JAIT 
B NE UIWR 
L DX NX DA 
STX DATL : = NX UA 
L UAA i l l 

S T AA B ITC 
LUA A , $ i')'-

Ii ( SET B I T CUUNT]; 

S T AA NXDA [SET TRA I L I NG BIT PATTERN ] 
L UX ME'M 
L OAA O,X 
STAA NXOA +l := iMEM (DC:FINE NEX T OUTPUT] 

56 > A S L NX DA +1 
55 > RO L NXDA SHL< NXOA) [I NS ERT S TART BIT ] 

RTS 

1200 BPS UP EN 
> U 2UP L DA A III 

S T AA RATE 
BRA UUUP 

300 BP S vPEN 
>UI UP L DA A i l 6 

ST AA HAT l:: 
> UUUP L UAA RAJl:: 

AS RA 
S T AA HALF 



Listing 7, continued: 

2063 70 00 2£ > 
206(' 26 00 
2068 'IE 00 00 > 
206H 

rST 
ENE 
JNP 

FLAG IS 1 T IJUTPUT? 
UI UU 
UI I LJ I r ,\jUT THEN 1 NPUT uPb\' 

206H UUTPUT UPi::IV 
2068 86 Ef 
206 "( 03 

>UIUU L~AA til~ rURN 

206U EH 0 1 60 > 

2070 86 FF 
2072 87 0 1 60 > 
2075 CE C3 SO > 
20'/8 OF 57 
207A CE n' Fi- > 
207D DF 53 
207F OF 55 
20B1 96 51} 
20R3 97 50 
2085 97 52 
2087 CE 00 00 > 

20BA lIF 04 
20HC 7F 00 5 1 > 
20Ri" 4F 
2090 71- 0 1 6 1 > 
2093 4D >UI 04 
2094 27 FD 
2096 39 

STAA 
LOAA 
STAA 
LUX 
SIX 
LUX 
SIX 
srx 
LuAA 
STAA 
S TAA 
LDX 
STX 
CLR 
C LRA 
CLR 
T STA 
8EQ 
RIS 

AC30 Ul~ 

I $Fr THE: 
AC30 MDruH ; 
~~1}99 + 9I}YY + ~~1}9+YI}~Y + ~~YY+~ 

Uk::L'; 
'l. ...... rr 
DATl .. 
NXUA 
RArr.: 
5 T 30 
HITe 
lU I UI ScT UP U~TEHRUPTS 
i\j,'ll V 

B I TV 

AGliU 

U 1U4 

2097 
209"' OUTPUT OPEN I NTERRUPT 
2091 DE 5" 
2088 20 9 -' 

>U 10 1 LOX VELA 

2099 09 
2Q9A 27 00 
2Q9C OF 57 
209E 38 
209F >(,iONE 
2098 03 
2091' CE 20 1 2 > 
20A2 OF 04 
20A4 86 0 1 ' 
20A6 97 5 1 

30 

DEX 
BEQ 
STX 
RTI 
l=:QU 

GUNE 
DE L.A 

I CY 30 
NM I V 
II 
BITV 

20AB 
2QA9 
20AB 
20AC 

63 02 
38 

LUX 
STX 
LOAA 
STAA 
T SX 
COM 
RT I 

L EAVE OPEN HANGUP 

20AC 
20AC 
200D 
20Ai--
20B I 
2084 
2084 

>* 300 8PS CLOSE 
70 00 2E >U I CL TST FLAG 
20 AC 
26 00 BNE 
7E 00 00 > JMP 

U I UC 
U II C 

96 52 
03 

>* OUTPUT CL OSE 
>U I OC LOAA B I TC 20811 

2080 
2086 
2088 

26 FC 
DE 55 

BNl::: 
LDX 
STX 
STX 
LOX 
STX 
LDAA 
STAA 
L DAA 
8NE 
LOX 
DEX 
STX 
ENE 
CLR 
L OA A 
STAA 
L DAA 
STAA 
LOAB 
PSHB 
JSR 

UI OC WA I T r- OR END L AS T CHR 
NXDA 

208A DF 53 
20BC OF 55 
20B£ CE 00 6E > 
20CI IH' 55 
20C3 86 OB 
20C5 97 52 
20C7 96 52 
'20C9 26 FC 
20CB DE 55 
20CU 09 
20CE iJr 55 
20UO 26 Fl 

>U 1 U2 

>U I IJ3 

DATL 
NXDA 
1 11 0 
NXDA 
• II 
B I Te 
8 1 T C 
UI U3 
NXDA 

j'\jXDA 
UI 02 

201J2 71' 01 63 > 
20lJ5 86 OF 

ACJF TUHN Or F NM I 

2007 87 0 1 60 > 
20UA 86 FF 
200C B7 0 1 60 > 
2001' C6 FA 
20El 37 
20E2 BD 0 1 38 > 

20E5 33 P UL S 
20E6 80 0 1 38 > JSR 
20E9 39 RTS 
20EA 
20EA >* I NPUT OPEN 
20EA 86 8F 
2069 20 EA 

>U II 0 

201::C 87 01 60 > 

20EF 86 1'1' 
201' 1 87 0 1 60 > 

20F.l.I C6 FA 
20F6 7F 00 5 1 > 

20FI} 37 
20 FA SO 01 38 > 
20FO 33 
20 FE SO 01 38 > 
2 10 1 CE 00 00 > 

01- O.l.l 
"1<- 0 1 
39 

62 > 

LDAA 

STAA 
LDAA 
S T AA 
L DAB 
C LR 
PSHB 
JSR 
PULa 
JSH 
LDX 
STX 
CLR 
RTS 

' $UF 
AC30 
liFF 
AC30 
1 250 

MILl 

MI L l 

I f>BF 

AC30 
I$FF 
AC30 
1 250 
81T V 

MI L l 

MILL 
IU111 
NM!V 
ACGO + 1 

2104 
2106 
2 109 
210A 
2 10A 
2 102 
2100 
2 10F 

AWAJ T START 
B6 01 60 >U1 11 LOAA AC30 
21 OA 
All 0 1 
26 00 

' 1 
UIIA 

TURN OFF 
THE 
MOTOR 

2111 96 5A 
21 13 91 50 
2115 CE 00 00 
2118 DF all 

ANDA 
aNE 
LOAA 
STAA 
LOX 
STX 
RTI 

Hl'tLr 81 T TIM1:: 
5130 
IU l 12 
NMIV 

>U1IA 

>* VERI FY START 

211A 38 
21 10 09 
2 1 113 
2 11 8 
2 1 1 8 
2116 

B6 01 60 >Ul 12 L DAA AC30 
~1 18 
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Masking the Unmaskable 

Driving the NMI line for in terrupts has 
one potential problem with a 6800 pro
cessor : The hardware of the mi croprocessor 
itse lf has no way to turn off the source of 
the interrupts. When I am not using the ta pe 
interface, I don't want to have any in ter
rupts, When I am li stening to input data, I 
don 't want interrupts fro m the output clock, 
When I am recordin g the data, I don't wa nt 
any spurious interrupts fro m the inpu t clock 
logic of the AC-30. Thu s some switching and 
masking logic is in order, 

In fi gure 2, IC1 , IC2 and IC3 are used 
toge ther to decode several addresses by 
combining selection of the address with 
VMA (valid memory address ) and th e pro
cesso r's cP2 signal, Three of th ese addresses, 
hexadecim al 01 61, 0162 and 1063, are not 
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implemented as actua l memory locat ions at 
all. In stead, the address selection outputs of 
[C1 for these addresses are used to contro l 
three flip flops which determine the source 
of the NMI interrupt generated by this 
circuit. The most important flip f lop is 
fOI"med by [C6a and [C6b. This is the 
interrupt mask f li p flop, whi ch is set (a[ [ow
ing interrupts) by a reference to hexadecima l 
addresses 0161 or 0162. This flip flop is 
cleared by either a system reset or a refer
ence to location 0163. Th e system reset 
aspect is quite important, since it would not 
be too useful to have the system power up 
with these interrupts enabl ed and no in ter
I-upt handler in memory, and when deve[op
ing software for the in terface it helps to be 
able to reestab li sh normal interrupt free 
operation by pushing reset. 

The flip flop formed by [C8a and lC8b is 
set by reference to address 0162 and is used 
to se lect the AC-30's tape derived clock as 
the source of interrupts. The flip f lop 
formed by lC8c and [C8d is set by refe rence 
to address 0161, and is used to se lect the 
4800 Hz osci ll ator as the source of inter
rupts for output use . Both of these interrupt 
se lection flip flops are cleared by a I-eference 
to locat ion 0163. In bui lding this circuit fo r 
some other processor, you '[ [ probably have a 
different set of 10 addresses . Modificat ion of 
the add ress selection logic (and the software 
of li sting 1) wi ll pl-obab[y be requil"ed. 

Output Latch and In put Interface 

The rest of the circuit in figure 2 consists 
of the output latch and RS-232 leve l sh ifting 
buffers assoc iated with address 0"160. 
Writing data to location 0160 sets the valu e 
contained in the 8 bit 74100 latch, lC14" 
The four high order bits of this latch are 
used to drive th e AC-30's motor contro l 
lines directly as TTL signa l leve ls. (See tab le 
1 for a li sting of command codes corre
spondi ng to the wiring of figure 2.) The [ow 
order four bits are wired to a DS1488 line 
driver needed to convert TTL leve ls to 
RS-232 leve ls. The [ow order bit drives the 
RS-232 output to the AC-30, with the 
remaining three lines ava ilable but unused at 
present. [f at some later date it becomes 
necessary to program a commun ications 
interface to some other RS-232 device, th is 
hardware now li es ready and wa it ing in my 
system. The latch is wr itten by combining 
the processor's RW line (inverted) with the 
address se lection signa l to ge nerate a clock 
pulse. 

For inputs from the ex ternal world , the 
bus interface gates simpl y li sten to data lines 
when the address is se lected. The low order 
four bits of an inpu t word are defined by the 

Listing 7, continued: 

2 135 38 HT I 2 169 70 00 5 1 >U I RD TST S!TV 
:2136 FALS~ STAHr 200 4 21 69 
2136 C~ 2 1 OA >UIIB LUX IUli l 216C 27 FB SEQ VI HD 
2 1 2 1 14 2 1 6£ 96 S3 LlJAA DATL 
2 13':1 Df 04 STX NI"1I V 2170 'IF 00 5 1 > CLR BI TV 
2 138 38 RT l 2 17:1 OE 1 5 LDX HEM 
213C 81T READ STATES 2175 A', 00 STAA O,X 
2 13C -'A 00 50 >Ul13 DEC 5T30 2 177 39 RTS 
213 1 21 3C 2 178 7D 00 51 >U l VY TS T BITV 
213r 27 00 BEQ V II V 2 00A 21 78 
2 141 38 InI 2 178 27 F8 SEQ UIVY 
21 £12 96 59 >U 1 I V LUAA RAT I:.: 2 1 "' 0 96 53 LDAA DATL 
2 140 a I 217F 7F 00 5 1 > GLR BITV 
214 11 9-' 50 STAA ST30 21R2 DE 15 LOX MEf'1 
2 14 6 -'A 00 52 > DEt,; 8 1 Te 2 1H4 AI 00 CMPA O,X 
2 149 26 00 ENE UiII:: 2 1fl6 26 00 SNE UI VE 
2 148 CE 00 00 > LDX , Villi 2 186 39 RTS 
2 14£ DF 04 STX NMIV 2 1 A9 DE 33 >U IVE LDX EBRS 
2 1 50 86 0 1 60 >UIIE LUAA AC30 2 187 01 
214A 05 2 188 08 ' I NX 
2 1S3 46 RURA 2 1HG 01" 33 STX ERRS 
2 1 5tl 96 53 LDAA DATL 2 18E 39 RTS 
2 156 tl6 RURA 2 18F 7F a I 63 >Ul1 C CLR ACuF 
2 157 9"' 53 STAA /J ATL 2082 21 eF 
2159 3A RT! 2 1tJ 2 86 7F LDAA IS7F 
215A ONE STOP B IT 2 194 B7 01 60 > STAA AC30 
2 1 5A 7A 00 50 >UI 14 DEC ST30 2197 H6 FF LOA A 'SFF 
2 14C 21 SA 2 199 87 01 60 > STAA AC30 
2 150 27 00 SEQ UII '" 219C 86 FA LUAA 12 50 
2 151' 38 HTI 2 19£ 37 PSH8 
2160 CE 21 OA >UI I r LOX IUl11 219F BO 0 1 38 > JSR MILL 
2151:: 01 2lA2 33 PUL8 
2 163 UF 04 STX NMIV 2 1A3 80 01 38 > JSR MILL 
2 165 73 00 S I > COM 8 1 TV 2 1A6 39 HTS 
2168 38 HT! 2 1A" l=:ND 

SYMBULS: 

AC30 0 160 ACGU 016 1 ACUF 0163 131 Ie 005~ 1:31 TV 0051 
CLUS 200C CY30 2012 CYZiIJ 2029 CYZR 2030 DAIL 0053 
UATR 0054 DELA 0057 ERHS 0033 r LAG 002£ GUI~:r: 209 r 

HA~r 005A i"1l::i1 0015 tv'd LI 0138 NEXB 2011- .\lMI V OUOtl 
NXOA 005 S OPI::l 2000 UPE2 2001' RATE OO~9 HEAD 2003 
ST30 0050 UICL 20AC Ull1 2 10A U11 2 2118 UI13 2 1 3C 
Uilli 2 1 SA UIIA 21 1A Ul18 2136 UIIC 2 18F UIID 2142 
UI IE 2 150 UIIF 2 160 U ll O 20EA Ul1 0 2 128 UI OI 20'i " 

UI02 20"3 UI 03 20C7 UI04 2093 UI UC 2084 UI Ou 206 8 

Ul UP 205A UIRD 2 169 UI VE 2 189 UI VY 2 1 -'8 U I \lJh ~03 'f 

U2UP 2054 UUUP 205£ VRf'y 2009 WRI T 2006 

Table 7: Summary of the addresses and commands used in programming the 
A C-30 interface of figure 1. 

Hexadecimal Address 160, symbol "AC30" in listing 1 : 

Input from the four RS-232 receivers of I C12 is avai lab le in the low order bits 
of data referenced at location 160. The low order bit, bit 0, is assigned to 
the AC-30 by wiring IC12 pin 13 to the pin identified as " To Computer's 
RS-232 Input" in the AC-30 wiring diagram. Hi gh order bits are grounded 
to define unused logica l zero inputs . 

Output from the four RS-232 drivers of IC13 is available in the low order bits 
of data written to location 160. The low order bit, bit 0, is assigned to the 
AC-30 by wiring I C13 pin 11 to the pin identified as "To Computer's 
RS-232 Output" in th e AC-30 wiring diagram. 

The high order bits are used to contro l the two motor control flip f lops of the 
AC-30. Forcing the RS-232 output to remain at logical 1 (the negative 
RS-232 state ), the fo ll owi ng command codes are used (hexadeci mal): 

E F = Tu rn on output motor } 
OF = Turn off output motor 
BF = Turn on read motor 
7F = Turn off read motor 

All codes assume negative going 
pulses activate commands (see 
AC-30 documentation for 
settings of the optIons). 

When sett ing data in the low order bits, the high order data sent to location 
160 shou ld be masked by a logica l sum (OR) with hexadecimal FO. 

Hexadecimal Address 161, symbol "ACGO" in listing 1: 

Any reference to this address turns on the 4800 Hz NMI interrupt source. 

Hexadecimal Address 162, symbol "ACGO+1" in listing 1: 

Any reference to this address turns on the NMI interrupt source derived from 
the tape data via the receiver section of the AC-30. 

Hexadecimal Address 163, symbol "ACOF" in l isting 1: 

Any reference to this address turns off all NMI sources in this interface, as 
does a system reset . 

45 



Figure 3: The finite state 
machine for input. The in
put decoding is performed 
by a "finite state ma
chine" implemented in 
software. The state of the 
input decoder is set by the 
choice of NMI interrupt 
vector. This diagram shows 
the conditions under 
wh ich transitions are 
made, but omits any refer
ence to the detailed pro
cessing. See procedures 7.0 
to 7.3 and listing 7 for 
complete details. This in
put state machine is 
initialized by the OPEN 
routine and it is termi
nated when interrupts are 
turned off by the CLOSE 
routine. 

INITIALIZATION 
(BITV'=O) 

INPUT ;I 0 

ST30 ;I 0 

BITe ;I 0 

o 

ST30 = 0 

four RS-232 compatib le input lines wh ich are 
converted to TTL levels by the DS 1489 
receiver circuit, 1(12. The low order bit is 
committed to the AC-30's RS-232 output 
line by wil-ing of the cab le, leav ing the other 
three low order bits open for later use with 
an RS-232 term inal as noted above. The high 
order input bits are pl-esently wired to 
ground, but if it ever becomes necessary to 
add a single bit TTL level input port to the 
computer, these bits can be committed to 
that use by wir ing them to a suitab le 
external connectol-. 

With the Hardware Defined, 
Software Follows Suit 

The intent 'of this whole exercise is to 
pmvide a set of routines for writing and 
reading data from the AC-30 within the 
context of my existing monitor and text 
editor program, IMP 6800 ("the In teractive 
Manipulator Pmgram"). This monitor pro
vides a genera l 10 contm l structure which 
accesses detail byte data transfer and control 
routines for any given 10 unit. When an 10 
logical un it is se lected by an appropriate 
command, the contml structul-e references 
the detail 10 routines by looking up their 
addresses in a pointel- table keyed by the 
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logical unit identification. The contro l struc
ture of the monitor is not the subject of this 
artic le, but its effect is felt in the require
ment of five generic 10 routines which must 
be written to interface any given unit such as 
the AC-30: . 

OPEN: initiali zat ion of 10 operations is 
performed by calling an OPEN pro
cedure; the monitor data item FLAG 
determines whether the unit will be 
opened for input or output processing. 

WRITE: when output is required, WRITE 
is called each time a byte of data is to 
be transferred from the address in 
pointer MEM to the peripheral. 

READ: for input to memory, READ is 
called each time a byte of data is to be 
transferred from the peripheral to the 
address in pointer MEM. 

VERIFY: to check the accuracy of 
crucial fi les, a form of the read opera
tion called VERI FY compares input 
data to the contents of memory at the 
address in pointer MEM; an error 
count, ERRS, is incremented if 
necessary. 

CLOSE: when 10 is complete, the 
CLOSE routine is used to turn off the 
peripheral after making sure detail 
transmission operations are done. 

The choice of these five generic 10 operations 
for any given 10 unit is a fairly typical 
practice when implementing the systems 
software of a computer. It is particularly 
helpful when implementing new interfaces: 
The control structure of my monitor is 
thorough ly debugged all-eady, so when I 
wrote the new mutines and they bombed 
the first time amund (as often happens) I 
knew for sure where the problem was. 

Specifying the 10 Operations 

The details of the 10 opel"ations for the 
AC-30 are shown in th is article in two forms. 
One form is listing 1, a detailed set of code 
implemented for the 6800 and assembled 
using Jack Emmerichs' assemb ler program. 
The second form in which the 10 operations 
al-e given is in a higher leve l "pseudo code" 
form as eight se lf contained procedures. 
These procedures are written from the 
assemb ly as a fOI-m of detailed commentary 
on the algorithm, and can be used by owners 
of the other processors as a starting point 
for cod in g new versions of the routines. 

In the notation of the programs in the 
procedures, square br-ackets [J are used to 
enclose extended commentary and opera
tions defined in words. Variable names and 
labels are the same as those used in listing 1. 
With a few minor exceptions the procedures 



Procedure 7: OPEN routines. The OPEN routines are used to set up output or 
input operations, depending upon the state o f FLA G, a variable which should 
be set to 0 for input, nonzero (example: hexadecimal FF as in listing 7) for 
output. Output OPEN operations consist of turning on the motor, then 
recording a leader (using the output interrupt of procedure 5), then 
initializing the interrupt handler for output operations. An input OPEN 
consists of turning on the input motor, then waiting a half a second before 
initializing the input interrupt which scans for the asynchronous data format 
used by this software. On leaving the OPEN routines, the software which uses 
this 10 discipline can proceed to the details of byte by byte data transfer 
using WRITE, READ or VER IFY. 

1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.6.0 
1.6 .1 
1.6.2 
1.6.3 
1.6.4 
1.6.5 
1.6.6 
1.6.7 
1.6 .8 
1.6.9 
1.6.10 
1.6.11 
1.7 
1.7.1 
1.7 .2 
1.7.3 
1.7.4 
1.7.5 
1.7.6 
1.7.7 

Entry U20P [1200 bps data rate initialization] ; 
RATE := 4 [interrupts per bit]; 
Go to 1 .5; 
Entry U1 OP [300 bps data rate initialization]; 
RATE := 16 [interrupts per bit]; 
HALF := RATE / 2 [set up half bit period value]; 
if FLAG = output value then do [an output open procedure]; 

[turn on the AC-30 output motor] ; 
OELA := 50000 [set up output write delay count for 10 seconds] ; 
OAT := $'FFFF' [initialize data output buffer to null data]; 
NXOA := $'FFFF' [initialize next data as null data]; 
ST30 := RATE; 
BITC := RATE; 
NMIV [nonmaskable interrupt vector] = [add ress of output open interrupt service routine, procedure 5] ; 
[clear "open done" flag, the accumulator] ; 
[turn on output 4800 Hz interrupt source]; 
Wait until end of leader [after OELA count is exhausted]; 
return; 
end; 

else do [an input open procedure] ; 
[tu rn on the AC-30 input motor] ; 
BITV [data ready flag] := 0; 
wait 0.5 seconds; , 
NMIV [nonmaskable interrupt vector] = [address of input start bit search, U111]; 
[turn on input = 4800 Hz tape derived interrupt source]; 
return; 
end; 

Procedure 2: The WRITE routine. This routine musl be preceded by an 
output OPEN operation which initializes the interrupt service of procedure 6. 
It can be called over and over again until the data to be written is exhausted. 
Each WRITE call transfers one byte from the location addressed by variable 
MEM to the output file, The software which uses WRITE is responsible for 
incrementing and keeping track of MEM when a bloc!< of data is beihg 
written. 

2.0 Wait until BITC [bit count] is equal to zero; 
2.1 OAT [2 byte output field] := NXOA [next output, computed by previous call]; 
2.2 BITC: = 11 [1 st3rt, 8 data, 2 stop bits minimum]; 
2.3 NXOA := $'FFOO' I (@MEMI [move data at MEM into new output string along with null trailing bits]; 
2.4 NXOA := [arithmetic left shift of NXOA]; 
2.5 return; 

Procedure 3: The READ routine. This routine must be preceded by an input 
OPEN operation to initialize the input interrupt service procedures. It is 
called over and over again until enough data has been transferred. Each 
REA D call transfers one byte from the tape into the location addressed by 
variable MEM. The software which uses READ is responsible for incrementing 
and keeping track of the address in MEM, and for determining how long a 
block of data is being read. REA D coordinates operation with the input 
interrupt service routines through the variable BITV which is used as a flag. 

3.0 Wait until BITV = $'FF' [synchronize with flag set by interrupt service] ; 
3.1 (@MEMI := OAT [move input byte from buffer to address in pointer MEM]; 
3.2 return; 

47 



Procedure 4: The VERIFY routine. This routine worl?s exactly like READ 
with one exception: Instead of dumping the input data into memory at 
location MEM, it compares the input data to the data in memory and 
increments the error counter ERRS if there is any difference. As with READ 
and WRITE, the software which calls VERIFY is responsible for incrementing 
MEM and keeping trael? of the data being checked. 

4.0 Wait until BITV = $'FF' [synchronize with flag set by interrupt service]; 
4.1 if (@MEM) not equal to OAT then ERRS := ERRS + 1 [count the differences]; 
4.2 return; 

Procedure 5: The output OPEN interrupt service routine. This procedure is 
used to count down a delay value initialized in DE LA when OPEN begins its 
processing. OPEN ultimately terminates when this interrupt routine finds a 
zero value in DELA and signals the OPEN routine via the value in BITV. 

5.0 OELA [leader interrupt count, 16 bits] := OELA - 1; 
5.1 if OELA = 0 then do; 
5.1.0 NMIV := [address of output data transfer interrupt service, CY30]; 
5.1.1 BITV:= 1; 
5.1.2 [signal end of output leader delay] ; 
5.2 return from interrupt; 

Procedure 6: Output data transfer interrupt service. This routine, which is 
initialized as the interrupt service routine at the end of the OPEN procedure, 
does the detail work of transferring data to the A C-30 from the computer. 
The variable ST30 is used to count down the interrupts within each output 
bit (see figure 7), and the variable BITC is used to count the number of bits in 
a character being transmitted. BITC is also used as the flag to signal to 
WRITE that a character is done, so its counting down is halted at zero by 
line 6.4. Whenever a bit is completed, the count of interrupts per bit is 
reinitialized in variable ST30, The variable BITC is reinitialized by WRITE 
when a new output word has been defined. Data is right shifted out the low 
order bit of a 2 byte field called DA T in this procedure, identified as DA TL 
and DA TR in listing 7. 

6.0 [output data bit] := BITV [latest bit value] ; 
6.1 ST30 [output waveform state] := ST30 - 1; 
6.2 if ST30 is not zero then return from interrupt; 
6.3.0 BITV [next bit value] := [low order bit of 2 byte output field OAT]; 
6.3.1 OAT:= [2 byte arithmetic right shift of OAT]; 
6.4 if BITC greater than zero then BITC := BITC - 1; 
6.5 ST30 := RATE [number of interrupts per bit transmitted] ; 
6.6 return from interrupt; 

follow the logic of the various sections of 
listing 1, but the order of the procedures 
differs. Listing 1 reflects the order in which 
the routines were actually written, while the 
procedures are numbered in an aesthetically 
nicer arrangement. 

In interfacing to the monitor, the only 
difference between 300 bps and 1200 bps is 
in the definition of the number of interrupts 
per bit, a value which is defined in the OPEN 
procedure for each data rate. Thus there are 
two entry points in the OPEN procedure, 
correspondi.ng to logical unit 1 (300 bps) 
and logical unit 2 (1200 bps) of my monitor. 
The WRITE, READ, VERIFY and CLOSE 
routines al'e shared between the two logical 
unit designations, although the names used 
only reflect unit 1. 

48 

Using Interrupts 

All the 10 implemented in this approach 
uses the interrupt from the AC-30 or the 
oscillator of IC9 to time operations. Thus 
there are three interrupt service routines 
specified, as pl'ocedures 5, 6 and 7. The 
output open interrupt service routine of 
procedure 5 has the simple task of counting 
down DELA interrupts as set by the output 
OPEN procedure, after which it will set up 
the normal output interrupt service and 
signal the end of the leader. The normal 
output interrupt service routine counts 
down the number of interrupts per bit, and 
when necessary shifts a new bit out of the 
output buffer, DAT, to be sent to the 
AC-30. It also counts bits and signals the 
WRITE procedure that it is ready for the 
next character. Figure 1 shows the progres
sion of values of ST30 and BITC during 
output. 

The input interrupt structure is much 
more complicated. There are four states to 
the finite state machine which handles data 
input, as shown in figure 3. These states are 
implemented by the current value of the 
NMI interrupt pointer, which selects one of 
the four input routines of procedures 7. The 
conditions for change of state are noted on 
the transitions in figure 3, but details of each 
state should be extracted from the pro
cedures. The input interrupt algorithm first 
enters a start bit search state of procedure 
7.0; when the start bit is found, it is verified 
in the second state of procedure 7.1 by 
checking to make sure that it remains low 
for half of a bit pel-iod (marked by counting 
down the value in variable HALF). When the 
start bit is verified, the data transfer state is 
entered and a total of eight bits are shifted 
into the input buffer DATL. After eight bits 
are shifted, the algorithm enters the stop bit 
state of procedure 7.3 for one bit period, 
where a flag is altered to signal that data is 
ready. Within 1.5 bit times of the flag 
change, the READ or VERI FY routine must 
transfer the data from DATL to its destina
tion in memory or an alternate buffer area. 
This timing requirement of 1.25 ms for 
1200 bps data or 5 ms for 300 bps data is 
due to the fact that the first bit of the next 
character will be shifted into DATL 1.5 bit 
periods after the stop bit state is executed. 
The time tolerance can be increased to a full 
character time (9.2 ms at 1200 bps) if pro
cedure 7.3 is modified to transfer the con
tents of DATL into a buffering byte, for 
example DATR. 

Some Comments on the CLOSE 
Routines ... 

The CLOSE routine given in this version 



of the software is far from perfect. It might 
even be call ed a bit " inelegant." Any good 
programmer will see some rather obv ious 
holes in the system: I really don't need four 
seconds worth of interrecord gap after data 
is written at 300 bps. Similarly, for input 
operations, I should have allowed the motor 
to remain on for a period of time equal to 
the null period which wou ld have been 
generated by the output CLOSE operation 
for the same block. Given manual manipula
tion of tape position using the mechanical 
position counter, this CLOSE algorithm is 
adequate. But if you intend to do tape to 
tape editing with two cassette drives and 
motor contro l, you' ll probably want to 
improve the CLOSE algorithm to all ow more 
reliable electronic positioning via motor 
contro l. 

Does It Work? 
Yes, but 1200 bps Is Still Too Slow! 

Since getting the software described here 
into the state seen in li sting 1 and patching it 
into my monitor program December 26 
1976, this softwal'e has been my main mass 
storage 10 method. In a month of intense 
use, I have yet to drop a bit (although while 
testing I had to experiment to find the right 
cassette I'ecorder volume level range on 
playback). My homebrew system has re
cent ly grown to 24 K of programmable 
memory with 12 K bytes of text ed itor 
string area, 4 K bytes for Jack Emmerichs' 
assemb ler program (see Apri l and May 1977 
BYTEs), 4 K bytes for assembler output 
strings, and 4 K bytes for my monitor 
and text ed itor programs. I have found this 
new 1200 bps data rate to be an indis
pensable time-saver compared to my older 
hardware method which ran at abo ut 
200 bps. Since the software described here 
works at 300 bps as we ll as at 1200 bps, I 
can now load and write cassettes using the 
physical format of the Kansas City standard. 
This of course fi nall y achieves the real 
purpose of buying the AC-30. 

With this in terface I can load the as
semb ler program in 50 seconds, and com
pletely define the text editor string area in 
about 150 seconds. It has really speeded up 
the software development operations which 
are the rea l joy of a computer appl ied to 
personal needs and goa ls. 

Of course, having accomplished this is not 
enough: My next challenge, in design as of 
this writing, is a 3M drive contro ll er inter
faced to a $500 surplus drive purchased 
trom Boston's American Used Computer 
Corporation via theil' back door, The Com
puter Warehouse Store. When this project is 
done, my system will have some real 10 

Procedure 7: Input data transfer service routines. These four procedures 
constitute the four states of the data input "state machine" which acts like 
the receiver of a typical UART or Ac/A chip. The start bit search state (7.0) 
finds a start bit which may be verified by the start bit verification state of 
7. 7. If the start bit was good, eight data bits are transferred by the input bit 
read state of procedure 7.2. Finally, one stop bit time is marked by 
procedure 7.3 and the receipt of data is communicated to READ or VERIFY 
by changing the state of BITV. Then the start bit search resumes. See figure 3 
for a state diagram of this process. 

7 .0 
7.0.0 
7.0.0.0 
7.0.0.1 
7.0.0.2 
7.0.1 
7.1 
7.1.0 
7.1 .0.0 
7.1.0.1 
7.1 .0.2 
7.1 .1 
7.1.2 
7.1.2 .0 
7 .1.2.1 
7.1.2.2 
7.1 .2.3 
7 .1.3 
7 .2 
7.2.0 
7.2.1 
7 .2.1.0 
7.2.1.1 
7.2.1 .2 
7.2.1.3 
7.2.1.4 
7.2.2 
7.3 
7.3.0 
7.3.1 
7.3.1 .0 
7.3.1.1 
7.3.1.2 
7.3.2 

[start bit search interrupt service, Ul11 ] : 
If input data line is zero then do: 

ST30 := HALF [set up delay for a half bit's wor th of interrupts]; 
NMIV := [address of start bit verification interrupt service]; 
end; 

return from interrupt; 
[start bit verification interrupt service, Ul12] : 

If input data line is not zero then do [false start logic] ; 
NMIV := [address of input start bit search , UlI1] ; 
return from interrupt; 
end; 

ST30 := ST30 - 1 [count down HALF bit times] ; 
if ST30 := RATE; 

ST30 := RATE; 
BITC : = 8 [initialize one byte's worth of bits]; 
NMIV := [address of inpu t bit read interrupt service, UlI3] ; 
end; 

return from interrupt; 
[Input bit read interrupt service, UlI3]: 

ST30 : = ST30 - 1 [count down RATE states per bitl ; 
if ST30 = 0 then do [sample bit and shift into data word] ; 

ST30 := RATE [set up for next bit]; 
BITC := BITC - 1 [count down the bits] ; 
if BITC = 0 then NMIV := [address of stop bit interrupt service, Ul14] ; 
OATL = [right rotate of OATL with carry defined by input bit value] ; 
end; 

return from interrupt; 
[Stop bit interrupt service, Ul14] : 

ST30 := ST30 - 1; 
if ST30 = 0 then do [restart start bit search] ; 

NMIV = [address of start bit search, Ullll; -
BITV [data ready f lag for input] = $' FF' [indicate data ready]; 
end; 

return from interrupt; 

Procedure 8: CLOSE routines, After all data operations are complete, CLOSE 
routines are used to turn off the motor and clean up the last details of input 
or output. See text for some comments about the design of this routine, 
which could be improved considerably. 

8.0 if FLAG = output value then do [an output procedure] ; 
8.0.0 Wait until BITC [bit count] is equal to zero; 
8.0.1 OAT := NXOAT [transfer last character to output field]; 
8.0.2 [write 1200 null bits by letting output interrupts run] ; 
8.0.3 [turn off AC-30 motor contro l] ; 
8.0.4 [turn off output interrupt source]; 
8.0.5 [wait 0.5 seconds for motor to turn off] ; 
8.0.6 end' 
8 .1 else do '[an input close procedure] ; 
8.1 .0 [turn off input interrupt source]; 
8.1.1 [turn off AC-30 motor control]; 
8 .1 .2 [wait 0.5 seconds] ; 
8.1.3 end; 
8 .2 return; 

capabi li ty in the form of an electronically 
controlled file system with 2 million bytes 
on line, 40,000 bps data transfer rate and 
43 second maximum access time to any 
given block of data. But for the next six 
months or so, I antic ipate frequent and 
reliable use of this '1200 bps modification to 
the AC-30's purpose in life.-
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Artificial Intelligence: 

What Is It? 

! I !! ! ! ! ! ! !!!! ! 
!!!! ! ! ! ! ! !!!! ! 
!!!! ! ! ! ! ! !!!! ! 

a) A typical nim board set up. 

Decimal Binary 

15 1111 
15 1111 
12 1100 

cl Unsafe second move. 

Decimal Binary 

1 0001 
4 0100 
a 0000 

e) Last move-l . 

Richard L Rosenbaum 
61 -04 Little Neck Pkwy 
Little Neck NY 11362 

!! ! !! !!!! ! ! ! !! ! 
!!!! ! !! I !! I! ! !! 
!!!! ! !!!! ! ! ! 

b) A typica l first move. 

Decimal Bina'ry 

15 1111 
3 0011 

12 1100 

d) Safe second move . 

Decimal Binary 

1 0001 
a 0000 
a 0000 

f) Winning move. 

Figure 7: One version of the game of nim starts with three piles of 75 
counters as shown in figure 7 a. Players ta/?e turns removing any number of 
counters, at least one, from anyone pile. The player who tal?es the last 
counter loses. In the case illustrated in figure 7 b the first player tool? three 
from the last pile. Figures 7 c and d illust rate some techniques used in 
developing an infallible play of nim. The first step is to represent the number 
of counters in each pile in binary. Then you must determine the number of 7 s 
in each binary column. If the number is odd, as in figure 7 c, then you are in 
an unsafe position. You should mal?e your mow so as to leave an ellen 
number of 7 s in each column as shown in figure 7 d. This is known as a safe 
position. A point is eventually reached, as in figure 7 e, where there are only 
two piles left and only one of them has more Ihan one counter. The winning 
strategy is to take all of the counters from the pile with more than one. This 
causes the other person to take the last counter, as shown in figure If Using 
these methods, an unbeatable game of nim can be developed. 
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If yo u are a typ ica l computer hobbyist, 
yo u have probably spent (Ol' wi ll spend) a 
fai l' amount of time playing games - com
puter games, that is. Perh aps yo u have 
wr itten computer programs to play space 
war, backga mm on, even chess. What tech
niques are used in programming computer 
games, parti cul arly those i'equiring "inte l
li ge nt " decisions by the machine? The answer 
to this question is in th e realm of al"tificial 
in te lligcnce. 

Perh aps you are tryi ng to program a 
microproccssor to I'ecogni ze 0 1' interprct 
signa ls from a vid eo ca mel'a , or wo uld like to 
automaticall y tran slate MOI'se code to 
printed characters. Both of these prob lems 
co ncern art ificial intelli ge nce, spec ifically in 
the f ield of patte rn I·ccogn it ion. 

What is art ifi cial intelligence? For th at 
matter, what is intellige nce? Thcse questions 
can easil y lead us into a philosophical 
debate, but that is not the purpose of this 
discussion. My interest is how artifi cial 
intelligence, frequent ly referred to as AI, can 
help us so lve pmbl ems such as those just. 
outlin ed . What th ese pmblems have in com
mon is th e substitution of a computer 
(artificial mechani sm) for what al'e ordi
nal' il y human tasks (genel'a lly ass um ed to 
req uire intelligence) . So fO!" the sake of 
ex pediency, let's define artifici al intel ligcncc 
as the mimicking of hum an behavior and 
decision mak ing by computer. 

Today, work in al·t ificial intelligence is 
divided into a number of areas. Two of them 
have been mentioned: game playing and 
pattem I·ecognition. Others include gene ral
ized problem so lving, natural language co m
prehension and translation, and mbotics. 
Th ese will be examined in ol·d er. 

Game Playing Programs 

It is pmbable that once th e beginning 
co mputer hobby ist lea rn s basic progl'amming 
fund amentals, the f irst attempt at a big 
program wi ll be an entertain ing o ne. How 



SCELBI'S "6800" SOFTWARE 
GOURMET GUIDE & COOK BOOK 

995 ppd. 

Now you can cook up delectable programs with 
this mouthwatering gourmet's delight of all new 
" 6800" software. Over 200 pages . Action-packed , 
information-crammed , practical "how to" facts. 
Using the original manufacturer 's recommended 
mnemonics and assembly formats , with hexadecimal 
notations, you get the description of the " 6800 " 
instruction set. General purpose routines for multiple 
prec ision operation. Programming time delays for 
real time applications. Random number generators . 
Completely assembled relocatable floating point 
arithmetic program , with 23 bit signed mantissa 
and 7 bit signed exponent. Input/output processing 
for basic 1/ 0 programming. Interrupt processing. 
Code, numeric conversion routines. Rea'l-time 
programming. Search and sort routines. And too 
many more finger-lickin ' goodies to mention here. 
All for only $9 .95 ppd . Order todayl 

SCELBI'S "GALAXY" GAME FOR THE "6800" 

1495 ppd. 

Captain your own crusading starship against the lugic of 
your " 6800". Your mission : search-and-destroy a random 
number of alien ships. But , don 't run out of time, out of 
fuel , out of ammunition or out of the galaxy. Your galaxy 
consists of-64 quadrants, subdivided into 64 sectors. Plan 
your mission to destroy all al iens. But, every time you move 
you lose a stardate and precious fuel. Don't run into a 
roaming star that could damage your ship! And, don 't forget 
how much fuel your warp factor uses! Suddenly, Condition 
REO! Alien in sight! How big is he? Fire a phasor or 
torpedo? He 's damaged or destroyed. But , you 've used up 
va luab le fuel! Does he fire back? How much fuel was used 
for protective shields? Be careful. You 're running out of time 
and fu el. You get the idea. You must maneuver logically, 
strategically , carefully ... to complete your missiDn. Here's 
the multidimensional computer game you've asked for. 
Using the original manufacturer's recommended mnemonics 
and assemb ly format , with hexadecimal notations , you've 
got a total book form program in machine language, for 4K 
memory, with flow charts , illustrations and more. All this 
for $14.95 ppd . Order today! 

i 
BOTH BOOKS ARE AVAILABLE NOW! ORDER YOUR COPIES TODAY! 

1(11131 (OI'lI>IJTIII Pri ces shown lor Norlh American customers. Maste r Charge. 
Pos tal and Ban k Money Orders p referred . Persona l c hec ks 

(0~IIJITI~6 I~( de lay sh ipp in g up to 4 weeks. Pri c ing , speci fi c ati ons and 
• ava il ab ilit y subJ ec l to chan ge w ith o ut noti ce. 

1322 Rear Boston Post Road, Milford, CT 06460 • Telephone: 203 / 874-1573 



Figure 2: This is the begin
ning of a game tree for the 
game of nim as discussed 
in figure 7. Only a few of 
the branches are shown for 
the sake of clari/y. Using 
this version of the game 
there are 45 different ways 
to play the game! 

many of us, once we have BASIC up and 
running, quickly type in our copy of Star 
Trek? We al l have some interest in computer 
games. 

While many games use artificial intel
ligence concepts in their programming, not 
all of them do. For instance, Star Trek 
usually consists of a program that keeps 
track of time, energy levels, scores and other 
parameters. Th e on ly decision to be made is 
generally, "Which way do I fire?", which 
only requires use of a simple formula . Of 
course, there are exceptions where some 
super program sim ul ates the ali en cunning of 
a Klingon commander. 

Artificial intelligence techniques 'are re
quired, however, for the automation of most 
traditional multiple player games. These 
range from the simple binary strategy of nim 
(see figure 1) to the comp lex iti es of chess. 
The case of nim illustrates one extreme of an 
intell igent program: the perfect player'. The 
game is simple enough to develop a fast 
technique to determine the best move. Such 
is not the case in chess. The important poi nt 
here is that both chess and nim are deter
ministic; ie : if you have enough time, you 
can go through every possibility that can 
arise. However, with games as comp lex 
as chess, a program would take a tremendous 
amo unt of time to check all the possible 
moves. This is where artificial intelligence 
techniques come to the r·escue . 

Let us examin e how a human player 
makes decisions in a game such as chess. This 
technique, saying, "How wou ld I do it?", is 
invaluable in artificial intelligence wor·k. 
Obviously, we do not go through eve ry 
possibility. What we do instead is to make 
trial moves and eva luate the board situation 
at that point. If the situ ation is too dan
gerous, we discard that possibility and check 
others until we make a decision. 

(15) (15) (14) (15) 

So we need an evaluation function. The 
quality of this function will strongly 
influence how good a game the computer 
can play. In 1967, A Samuel wrote a 
program to play checkers. In it, he used an 
evaluation formula that took into account 
such parameters as number of pieces, 
number of kings, how far the kings were 
advanced, etc. Samuel, however, did not 
know how to weight the various items to 
determine their relative importance. So he 
made a set of trial values and incorporated 
into the program a mechanism that changed 
these values if it was losing, in order to try 
to find an optimum strategy. In this way, he 
wrote a program which " learned " to play 
better checkers! 

Of course there is more to playing a game 
than just eva luating positions. We must 
generate tri al moves in some orderl y fash ion. 
Th e most efficien t way to do th is is to mak e 
a tree of possible moves as shown in fig ure 2 
for examp le. This figure is call ed a tree 
because of the way it resembles an upside 
down tree with branches. 

As can be seen, trees can rapidly expand 
as they grow downward. The tr'ee shown in 
figure 2 has 1.2 x 1056 branch es. With the 
limited memory space of a typical micropro
cessor, we must find some way to minimi ze 
its size. One way is to' copy th e human 
player, and not expand any branch es that do 
not look promising, ie: do not have a high 
evaluation. Other aspects of artificial intel
ligence concern optimiza tion of the eva lua
tion, speeding up tree ge neration, and mini
mizing other memory requirements. Often, 

(15) (15) (15) 
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Subsystem n8" makes the 
computer you already have 
work almost as well as 
a new 501-20. 

Add it now, and for a limited time 
we'll throw in a new module with 2048 
bytes of preprogrammed PROM or ROM 
and 1024 bytes of RAM memory free! 

Processor Technology's Subsystem "B" 
puts together the major system elements you need 
to get your Altair or IMSAI up and running. 

You get both RAM and PROM memory, 
parallel, serial, cassette and video display inter
faces, and software. Software includes a boot
strap loader program so you can load any 
Processor Technology CUTS ("Byte/Kansas 
City") 1200 BAUD cassette tapes. Standardized 
subroutines in ROM, similar to those in a Sol 
personality module , are used by many Processor 
Technology software packages to improve 
program efficiency. You'll find you rarely need to 
touch your front panel switches. With our 
Subsystem "B" you are up and running as soon 
as you turn on the power. 

Three subsystems are available, depending 
on your memory requirements. Each Subsystem 
"B" includes five S-100 bus compatible modules 
as listed below. Each is dependent upon our new 
GPM module (GPM = General Purpose Memory) 
which provides 1024 bytes of low power static 
RAM and 2048 bytes of preprogrammed ROM or 
EPROM as well as space for up to 8192 bytes 
more of ROM or 2708 type EPROM. The G PM 
module accepts the new ROM version of our well 
known ALS-8 Editor/Assembler software package. 

With Subsystem "B" you have guaranteed 
compatibility with all Processor Technology 
software and hardware products. 

Subsystem Model B70 Bl10 B190 

Total memory 
provided (bytes) 7168 11264 19456 

Display I/O VDM-1 VDM-1 VDM-1 

Parallel, Serial I/O 3P+S 3P+S 3P+S 

Tape Cassette I/O CUTS CUTS CUTS 

Memory 4KRA 8KRA 16KRA 
Price $594 $730 $964 

NOTE: The GPM module with both RAM and PROM 
is included FREE in all the above subsystems. The GPM kit 
is $129 if purchased separately. 
The ALS- S/ ROM chip set is $159. SIM-l & TXT-2/ROM 
add-on set is $60 and requires both GPM and ALS-S/ROM. 

r---------------------, 
I want Subsystem "B" to get my Altair or 
IMSAI up and running. 

D Enclosed is a check for $ __ _ 
California residents add 6% sales tax . 
No shipping charge. 

D Mastercharge # ____ _ 
(include Interbank No. and 
expirat ion date) 

D Send more information 

I want: 
D B70 at $594 

D BIlO at $730 

D B190 at $964 

Na me ______________ _ 

Acldress _ _____________ _ 

City" _______ State __ Zip ___ _ 

6200 Hollis Street, Box B 
Emeryville , CA 94608 (415) 652-8080 

~-------~-------------~ 



SENTENCE 

NOUN PHRASE 

THIS GAME VERB 

T 

Figure 3: A syntactic analysis of the sentence, "This game is played by two 
people on the computer. " This particular parse of the sentence, resolving the 
sentence into its components, means that two people are engaged in playing a 
game that somehow involves the use of the computer (the adverb use of the 
phrase "on the computer" to modify "is played"). 

VERB PHRASE 

PREPOSITIONAL PHRASE (ADVERB USE) PREPOSITIONAL PHRASE (ADVERB USE) 

IS PLAYED BY two PEOPLE ON THE COMPUTER 

one on ly stO!'es a sma ll local I"egion of the 
tree at anyone time, using rul es to generate 
additional segments. 

Pattern Recognition 

Th e influence of compute l" aided pattern 
recognition is affecting us more each day. 
OUI" checks have funny digits pl'in ted on 
them, grocery items have stl"ange stl' ipes; yo u 
also might have run in to fmms that requil"ed 
you to wl"ite chal"acters exac tly as indi cated. 
A portion of art ificia l intelligence conce rn s 
itse lf with these tasks. 

Patte rn recogn itio n is genel"a ll y a pl"ob lem 
of classification. We have either a single item 
which we wish to desCl" ibe as having certa in 
character ist ics, or we have a group of objects 
which we wish to bl"eak into subgroups. Th e 
principal problem is dete l"m ining if a pal·t i
cu iat' object is in a certain class of objects. 
Hence, the fie ld exte nds beyond mel"e ly 
recognizing characte l"s on a piece of papel-. 
Potent iall y, art ificial intelligence techn iques 
could help classify medical prob lems based 
upon symptoms, the fie ld of computer aid ed 
diagnosis long fo und in sc ience fiction litera
ture. 

Unfortunately, much of the work in thi s 
field in vo lves high el" mathematics which are 
beyond the scope of this article. However, 
some elemental"y principles may help you 
condu ct some investigat ions, perhaps in 
computel' ana lysis of vid eo signals. A funda
mental technique is to break yOU I' recogni
tion probl em into the simpl est subpmbl ems 
possible. FOI- instance, co nsider the pmb lem 
of analyz ing faces " One wou ld have to 
gene rate parametel"s fO!' subc lass ificat ions 
such as co lor of eyes, hair, etc. In th is way, 
each face is ass igned a set of bas ic va lues, a 
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pl"erequisite of any attempt to make 
com parisons. 

Problem Solving 

Probl em solving may appear to covel" 
eve rything under the sun but within artificia l 
inte lli ge nce it refers to a specific set of tasks. 
In art ifi cial intelli ge nce, a pmbl em is said to 
exist when we are in an initial state, desil'e to 
reach a goa l state, and 'have a limited set of 
operatio ns that can be used to get there. 
Game playing is actuall y a subset of thi s, in 
that the initial state is the present posit ion, 
and the goa l state is a win. Another example 
is theorem prov in g, in whi ch the ini tia l state 
is given (remember yo ur geometr'y?) and the 
operatio ns are the various ax ioms. 

Th ere have been many attempts to 
develop ge neral methods fOI' these types of 
problems. In fact, an ear ly one was ca ll ed 
GPS, General Probl em Solver. Th e authors 
of this program, A Newell, H Simon, and J 
Shaw, developed many of the techniques in 
this field . The simpl est one was a brute fo rce 
method, simil ar to our discussion of check
ing eve ry possib le move in a chess game . 
They called this the "British Mu se'um algo
ri thm " in reference to the fact that a 
m~nkey placed in front of a typewl' itel" wi ll 
eventuall y write all the books in the British 
Museum. So much for that id ea! 

Of all the work done, the most popular 
idea was embodied in a program ca ll ed the 
Fortran Deductive System. This pmgram 
wo ul d take the initial and goal states, and 
develop a set of differences. It then would 
methodically ap pl y the various operat ions in 
an attempt to reach the goa l. Th e difference 
it had from the brute fmce approach was 
that it knew whi ch ope l" at ions affected 



The Digital Group adds character(s). 

64, to be exact. 
The Digital Group's computer 
systems have a lot of character 
already. Just one quick look at 
any of our products in their 
unique custom cabinets con
firms that. But we believe it 
never hurts to add a bit more . 

So, the Digital Group has added 
character in a big way to give an 
added dimension to the opera
tion of our video-based com
puter systems. We are pleased 
to announce our new TV readout with a 64-character line. 
It will give your system a great deal more capability. Give 
it more character, if you wi11. 

Here are the specifics on the Digital Group TV Readout 
and Audio Cassette Interface: 

1024 Character TV Readout 
• 64 characters horizontal by 16 lines 
• 7x9 character matrix (effectively 7x12 due to char

acter shifting) 
• lK on-board RAM for buffer storage-requires 

no main memory-completely independent 
• 128 character ASCII 

Upper case alpha 
Lower case alpha with base line extenders (g, 
j, p, y) 
Numbers and extended math symbols 
Greek alphabet 

• Software driven cursor-forward and backward 
• Compatible with most microprocessors; Interfaces 

with 1 8-bit parallel output port 
• TImebase may be driven with an external timebase 

(may be synchronized to TV camera, TV set, etc.) 
• Readout time base available at connector (can be 

used for graphic driver, etc.) 
• White characters on black, and/or black on white; 

software selectable 
• P\ug;s into standard dual 22-pin TVC connector on 

DigItal Group Systems 

Improved Audio Cassette Interface: 
• Reliable FSK recording technique 
• Uses standard unmodified audio cassette recorder 

• Write cassette system 
uses a digitally synthe
sized frequency shift 
system, derived from TV 
system'S master crystal 
oscillator 

• Read cassette system 
easily aligned using the 
write system as an align
ment aid. 

• Runs at 1100 baud 
(100 characters/second)-Ioads 
16K in 3 minutes 

512 TVC to 1024 TVC Upgrade Kit: 
As always, when the Digital Group extends the capabilities 
of our systems, it doesn't mean obsolescence for any 
products . We are offering an upgrade kit for present Digital 
Group system owners who wish to go to the longer line 
length. This kit uses most of the Ie's from our TVC:F read
out. No un soldering is required; all new sockets, capac
itors, resistors, PC board and other necessary parts are 
supplied. 

Prices: 
TVC-64-Full 64-character TV Readout & Audio Cassette 
Interface: 

Kit - $140 Assembled - $205 

TVC-64UPG-Upgrade kit from TVC-F: 
Kit - $65 

If you already own a Digital Group system, our 64-charac
ter line will definitely enhance its operation. If you're just 
looking, you might want to keep in mind that the Digital 
Group has a lot of characters . 

Write or call now for details on our new 64-character TV 
readout and all our other exciting products. 

( 1illL@ cQ]~DlifIDD ®IT®1IW ) 
box 6528 denver, colorado 80206 (303) 777-7133 



Figure 4: Another parse of 
the sentence of figure 3, 
This particular parse is 
evaluated as meaning that 
two people are on top of 
the computer (adjective 
use of "on the computer") 
and are engaged in playing 
a game, Both the parse of 
figure 3 and this one are 
valid and demonstrate a 
major difficulty that is 
encountered when trying 
to use computer evalua
tion of English or other 
natural languages, 

SENTENCE 

NOUN PHRASE 

which di ffe l'ences, By the way, any tech
nique that "intelligently" red uces a probl em 
In co mpl ex ity so that computation time is 
I'edu ced is called a heuri st ic, 

Natural Language Processing 

In the ea l' ly days of modern computel's, 
the earl y 50s, one of the gl'ea t optimistic 
hopes was ' to have autom at ic machine trans
lat ion of text. It was thought that all you 
would have to do is have enough memory to 
store a d ic t io nal-y , Today there al-e not many 
knowledgeable peop le who would make such 
a boast. 

Th e problem with writing a u-anslating 
syste m is th e imm ense complexity of nat ural 
language _ English, fOI- exampl e, is full of 
potential ambiguiti es _ Does "Time fli es !" 
mean a comment abo ut how time is go ing by 
quickly, Ot- does it mean a co mm and that we 
should sta rt chas ing f li es with a stopwatch? 
One , can think of hundreds of such 
sentences_ 

A I-elated problem is na tul-a l langu age 
comprehension_ Wouldn' t it be ni ce if we 
could converse with OUI- pmcesso rs in 
En glish in stead of BASIC 01- asse mbl y lan
guage? Un for-t un ate ly, the same prob lems 
are faced in this task _ One way to all ev iate 
the pm bl em is to limit our speak ing vocabu
Iar-y_ Monitol-s often do this to an ex Ueme, 
limiting us to spec ifi cs such as examine and 
deposit. Th e most successful app mach fO I
larger systems in vo lves sy ntax dil-ected 
methods_ This means th at each sentence is 
broken down until its meaning is und er-

VERB PHRASE 

THIS GAME VERB ~E (ADVERB USE' 

T /7"\ 
IS PLAYED PREPOSITION NOUN PHRASE 

stood_ This method has a "hopefully it will 
work" attitud e about it. Figures 3 and 4 
illustrate this technique, showing how a 
single sentence ca n be broken down into 
different meanings_ These methods are also 
applied to th e design of computer langu ages, 
their interpl-eters, and compilel-s_ 

Robotics 

This subject is last for good reason_ The 
design of robots is largely based upon the 
pl-eceding topics_ For vision, if it is capable 
of it, a mbot would use pattern recognitio n 
te~hniques_ For perfo rming tasks, prob lem 
solving is involved_ Robotics is an applica
tion of artifici al intelligence to hardware of 
mechan ical systems as a contml elemen t. 

Conclusion 

Artifi cial in te lligence pmbably offers 
something for eve ry progl-ammer ___ cer-
tainly if you like to play games_ But there are 
other aspects that are just briefly touched 
upon here_ If we al-e building a large library 
of infol-m at ion, pel-haps we would like to use 
an English-like inquiry system_ Th e computer 
directed medical diagnosis could be ex
tended to auto maintenance, or even com
puter I-epair_ Whenever you want some of 
yo ur thinking done for you, automate it 
with ar-tificial intelligence_-
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BASIC 
The handle for the tool. 

A microcomputer without software is a tool 
without a handle. PolyMorphic systems BASIC 
is the handle on the POLY 88; this provides the 

interface between user and computer. Our 
BASIC fits the POLY 88 like a finely balanced 

handle fits a quality tool. PolyMorphic Systems 
Basic is an extremely efficient way to program. 

It makes possible the immediate use of the 
POLY 88 for a wide range of engineering, 
scientific and general problem solving. In 

conjunction with either System 7 or System 16 
PolyMorphic Systems BASIC is the reliable and 
ready to go microcomputer tool on the market. 

No more waiting for the long-promised 
software system. Among our best BASIC 

features: graphic plotting function, tape save 
and dump with named files, time function, and 

self-explanatory error messages. We believe 
the best tool - the POLY 88 - must have the 

best handle: PolyMorphic Systems BASIC. 

460 Ward Dr Santa Barbara. CA 93111 (805) 967-2351 

PolyMorphic 
Systems 

Polymorphic Systems 11K BASIC 

Size: 11 K bytes. 
Scientific Functions: Sine, cosine, log, exponential, square root , 
random number, x to the y power. 
Formatted Output. Multi-line Function Definition. String 
Manipulation and String Functions • Real-Time Clock. Point
Plotting on Video Display. Array dimensions limited by memory. 
Cassette Save and Load of Named Programs. MultipleStatements 
per Line. Renumber. Memory Load and Store. 8080 Input and 
Output. If Then Else. Input type - ahead 
Commands: RUN , LIST, SCR, CLEAR, REN , CO NT 
Statements: LET, IF, THEN , ELSE, FOR , NEXT, GOTO, ON, EXIT, 
STOP, END, REM , READ, DATA, RESTORE, INPUT, GOSUB, 
RETURN, PRINT, FILL, OUT. 
Built in Functions: FREE, ABS, SGN, INT, LEN, CHR$, VAL, STR$, 
ASC, SIN, COS, RND , LOG , TI ME, WAIT, EXP, SORT, CALL, 
EXAM, INP, PLOT. 

Systems Available. The POLY 88 is avail able in either the ki t or 
assembled fo rm. It is suggested th at kits be attempted only by 
pe rsons famili ar w ith d igita l circuitry . The fo llowi ng is a li st of the 
systems availabl e. 
System 1: is a kit and consists of the Poly 88 chassis, CPU and 
video ci rcui t cards only. Req uires keyboard and TV monitor for 
operat ion. $595. 
System 2: Consists of System 1 with the addition of th e cassette 
interface c ircu itry-requi res cassette recorder. $690. 
System 3: System 2 with 8K memory card , BASIC and assembl er 
cassette tapes. $990. 
System 4: Also a kit , but conta ining in addi t ion to System 3 a 
keyboard , cassette deck and TV monitor. $1350. 
System 7: Consists of an assembled and tested POLY 88 with 8K of 
memory, keyboard , TV mon itor, cassette recorder, 8K BASIC and 
Assembl er cassette tapes. $1750. 
System 16: Consists of an assembl ed and tested POLY 88with 16K 
of memory , keyboard, TV mon ito r, cassette reco rder, 11K BASIC 
and Assembler cassette tapes. $1995. 



Have you written Software 
for you r The Altair 8800 computer was the first micro 

produced for the general public and remains number 
one in sales, with more than 8,000 mainframes in 

Alt · T .M. the field. The wide acceptance of the Altair computer 

al r and its rapid adaptat ion to many diversified appli
cations has truly turned the dream of the affordable 

C 
• computer into a reality. 

omputer • Yet the machine itself, remarkable as it is , repre-
• sents on ly the beginning. The right Software, 

. . tailored to meet a user's specific requirements, is 
a vital part of any computer system. M ITS wants 
to· insure that Altair users everywhere have the 
best applications software available today and in 
the future. For this reason, a new MITS subsidiary, 
the ALTAIR SOFTWARE DISTRIBUTION COMPANY, 
has been formed. Its purpose: to acquire the highest 
quality software possible and distribute it nationally 
through Altair Computer Centers. 

That's where you come in. The ASDC w ill pay 
su bstantial royalties to the originators of all soft
ware accepted into the ASDC library. If you have 
w ritten business, industrial or commercial use 
software for the Altair 8800, ASDC wants to hear 
from yo u. It is the aim of the ASDC to stimulate 
and reward creativity in producing useful software 
that makes those dreams of "computers for everyone" 
come true. The ASDC wi ll select only software that 
measures up to its high standards for system 
desig n, coding and documentation. The softwa re 
wi ll th en be further documented and distrib-
u1;ed through Altair Computer Cen-
t ers around the country. 

For more information 
Oil how to submit software to 
th e ASDC, ask yo ur Local 
AltairCom puter Center for an 
ASDC Software Submittal 
Packet or contact the ALTAIR 
SOFT WARE DISTRIBUTION 

COMPANY 

A subsid iary o f MilS 

-)C 
ALTA IR SOFTWARE DISTRIBUTION COMPANY 

3330 Peach tree Road , SUite 343 Atlanta, Georgia 30326 404-231 -2308 

see nex t pag e for a li sting o f Altair Computer Center s 



As~ ~\,TE 
MORE ROBOT REACTIONS 

In reading your January 1977 issue I 
noticed a letter from Dean Blondefield 
I page 740/, asking about books about 
building your own robot. 

In the December 1976 issue of Scien
tific American (in the "Book Review" 
section) a review may be found of a 
book entit led Build Your Own Working 
Robot by David L Heiserman, Tab 
Books, Blue Ridge Summit PA. 

From the description in the review 
this would appear to satisfy at least some 
of Mr Blondefield's interest. 

R S Schlaifer 
1500 Rollin 

South Pasadena CA 91030-

ROBOT LITERATURE RESOURCES 

I would like to pass along to Dean 
Blondefield of your January 1977 "Ask 
BYTE" column, page 140, and any other 
interested BYTE readers, the· few 
"bytes" of information I have con· 
cerning robots. 

There have indeed been too few 
artic les and books published about my 
favorite subject of robots, as the editor 
claims. A few of the few were: Popular 
Elec/ronics, December 1958, Jan uary 
1959, and Popular Electronics, March 
1962. The robots described by these 
art icles were very primitive in nature but 
would be usefu l to someone starting out 
because they clearly demonstrate simple 
cause and effect situations, and provide a 
mechanical test bed for further ex peri· 
ments. A ser ies of manuals on home 
construc tion of robots was published by 
a company ca lled Electric Brain Enter· 
prises, in Utah, abou t 1960. The first of 
these manuals, Robots I, is dedicated 
largely to the mechanical problems 
which the home builder may encounter. 
I never received th e additional manuals 
in the series so I have no ide a what they 
co ntained in the way of information . 

The latest work to come across my 
desk is Build Your Own Working Robot, 
by David L Heiserman, publi shed by Tab 
Books, Blue Ridge Summit PA 17214. 
This book of 234 pages published in 
April 1976 is by far the best I have ever 
read on the subject. I can recommend it 
to anyone with a clear conscience. 

I firmly believe that in less than 20 
years, for about the same price as a 
middle sized car, you will be ab le to 
purchase a machine to do most of your 
housework. In less than ten years you 
will be able to purchase, for about 
$1,500 of today's dollars, a primitive 
robot lawnmower. 

To Mr Blondefield, and to anyone else 
who has ambitions to build the Homo 
Robotus, I wou ld only give this small bit 
of advice: Man evolved on this planet 
one step at a time: Evolve yo ur robot 
the same way. First model a simple 

lower order creature, then perhaps a 
robot mouse or dog. Divide the big 
project into many small ones, eac h with 
its own we ll defined goa l so that you can 
watch your creat ion evolve and grow ·as 
you add each new ab ility or function. 
Man did not reach his present leve l in 
one jump or one day - neith er will the 
Homo Robotus. 

To the staff of BYTE: Thank you for 
an excellent publication. 

James F Ward 
3121 Chestnut Rd 

Carrollton TX 75006 

Thanlu for an excellent letter. The 
Tab book on robots, Build Your Own 
Working Robot by David L Heiserman, is 
good as far as it goes and is an excellent 
source of ideas. It is just the starting 
point, however, and antedates (vety 
sligh tly) the advent of microprocessors 
as flexible control elements for the 
practical experimenter. [I t is ava i I ab le 
through our book service, BITS In c.]-

MORE ON ROBOTS 
FROM THE "UNITED STATES 

ROBOTICS SOCIETY" 

We were much interested to see the 
letter in the January 1977 BYTE /page 
740/, from Mr Blondefield in Hayward, 
seeking a roboti cs organization more 
concerned with individu al effort that 
w ith institutional and "industr ial " 
robots. 

As you will reali ze , we arc engaged 
chiefl y in a search, at the moment, for 
methods, hardware and exper ience that 
will clari fy the status of robot ics . We are 
persuaded from some yea rs of work in 
closely related fields that the keys to 
robotics - to development of machines 
that h ave behavioral characteristics like 
those of animals, making many of the 
same judgements in the same ways -
have already been discove red and that it 
is only necessary to apply a diversity of 
id eas in a sing le working system to create 
a "robot" of co nsid erab le capability. 

We don't expect overn ight success in 
the sea rch. Probably some deca des of 
activ ity are ahead of us be fo re robots of 
true sc ience fict ion capabi lity are ava il· 
ab le, but for the time being we'd be 
dazzled by an art ificial system with the 
behavioral characte ri st ics and apparent 
intelli ge nce of an ant - never mind an 
app roach to human behavior. I t's a long 
hard road. 

When the United State s Robotics 
Society was formed last summer, we ilad 
no idea wilether or not as man y as a 
dozen people wou ld be interested 
enougil to participate, but we have taken 
tile necessary steps to become a formal 
nonprofit co rp oration, set up carefully 
by l awyers to ach ieve a Federal tax 
exemption wilen we have the resources 
to pursue it. 

Here's a point, by tile way, on wh ich 
we take issue with your reply to Mr 

Continued on page 149 
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Designing the 

LEVEL 1 

LEVEL 2 

LEVEL 3 

LEVEL 1 

LEVEL 2 

LEVEL 3 

LEVEL 4 

Jack Emmerichs 

8465 N 51st St 
Brown Deer WI 53223 

HIERARCHY 

T OTA L 
SYSTE M 

I 

SU B FUNCTI ON SUBFUNCTI ON 
10 20 

I 
I I I 

SUB FUN CTION SUB FUN CTI ON SUB FUNCTION 
21 22 23 

NETWORK 

TOTA L 
SYSTEM 

I 

SU BFUN CTION SUB FUNCT ION 
10 20 

1 
I 1 1 

SUB FUN CTI ON SUBFUNCT ION SUBFUNCTION 
21 22 23 

I I I 
SERVI CE SERVICE 

ROUTINE A ROUTINE B 

Figure 7,' Th,e top chart shows the structure of a single hierarchy diagram, 
The function~ at each level are broken down into sub functions at the next 
lower level, The relationships are shown as a simple tree structure, The 
bottom chart shows the structure of a network diagram. Here routines may 
be common to more than one high level function, and the structure of rela
tionships can become much more complex. General subroutines that are 
common to many functions may be shown as a separate structure. 
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Wh en I fir st became aware of the small 
systems industry, I was particularl y in
terested in find ing out what software had 
been deve loped fo r perso nal computers, 
especia ll y software that wou ld run on a 
minimal system configurat ion without much 
opt ional hardware. One of the most useful 
software products for such sma ll systems is 
an assemb ler to reli eve the pl'Ogramm er' of 
the tedious job of pl'Ogramming in machine 
language. I fo und no assembl ers, however, 
that wou ld run on a sma ll machine 
configur'ation. 

Most assemb lers required at least 8 K 
bytes of memory (wh ich was beyond my 
initial budget projections) . As two pass 
assemblers, many of the ex ist ing pl'Oducts 
also requ ired tha t source pl'Ograms be 
entered twice so that all symbols in the 
source code could be reso lved . This may be 
difficu lt or' cumbersome if a sys tem does not 
have 10 devices that can easil y handle high 
vo lumes of data . Furthermore, none of the 
asse mblers that I found cou ld be used 
interactively because of this two pass des ign , 
Fo r' a minimum system without offl ine f il e 
sto rage, this can be a major' prob lem. In 
man y cases seve ral 10 interfaces were re
quired to handle the inpu t so urce code, 
printed li sting, and the generated object 
code (machine language). Finall y, most of 
the assemb lers then ava il ab le provided all the 
bell s and whistles ava il ab le in much large r 
programs designed to' run on large time
shar ing systems. Th ese large assemb lers 
(called CI'OSS assemb lers) are much more 
comp lex than I felt a sma ll syste m assem bler 
needs to be. I ther'efo re decided to wr ite a 
small but powerful assemb ler that wou ld run 
on what to me was an affo rdable mach ine. 
This art icle is a descr ipt ion of the design and 
construction of such an assemb ler using 
structured pl'Ogramming techniques , 

Th e f irst th ing to do in any deve lopment 
project (though it is unfo rtunate ly often 
skipped in sma ll pl'Ojects) is to defin e the 
program's specificat ions. For thi s pl'Oject the 
requirement was to develop a memm'l ~'CS\

dent M6800 assembl er which wou ld: 

• Assemb le source code wr itte n in a free 
format subset of the M6800 assem bl y 
language as described in the Motorol a 



"Tiny Assembler" 

publication M6800 Microprocessor 
Programming Manual. 

• Operate compl ete ly within the first 
4 K of memory including all tabl es, 
b u f fer s , a nd 0 the r m e m 0 ry 
requi remen ts . 

• Completely assemb le source programs 
in one pass to minimize 10 operations. 

• Require no mOI-e th an one 10 interface 
using the Motorola M I KBUG monitor . 

• Support interactive operation. 
• Facilitate modification and customi

zation through the use of structured 
code. 

• Have suffic ient capacity to be abl e to 
assemb le itse lf so that no other soft
ware would be required to generate 
mod ified vers ions of the assemb ler 
program_ 

After the design criteria wel'e thus set 
down, and before the program cod i ng was 
started, it was necessary to define the 
functions that would be needed to meet the 
above specifications. Fun ct io ns were defined 
from the highest level down to the lowest, 
and were related to each other through 
hierarchy and network diagrams (see fig
ure 1) . The first series of functions that we 
sha ll consider here are those that are com
mon to all assemb lers. These functions are 
discussed in more detai l in the artic le" Jack 
and the Machine Talk" by Robert Grappel 
and Jack Hemenway, published in the 
August 1976 BYTE, page 52. 

Figure 2 shows how the network diagram 
worked out for an initial conception of the 
asse mbl er. At the top level the asse mbler is 
shown as a single function, leve l 1. Below 
this on leve l 2, the first major function is 
usuall y a table initializat ion and house
keeping routine (START) that need not be 
closely exami ned here . The second major 
fu nct ion is to parse and process each I ine of 
incoming code with its labe ls, mnemonic 
instructions, operands, and comments 
(PARSE) . The final major function is usually 
a term ination and reporting function which 
aga in need not be closely examined here 
(CLEAN UP) . 

At the next lower level, leve l 3, several 
functions must be defined which wil l be 
cal led from the parsing routine. The first of 

Defining the Problem 

these is a function to convert English-like 
mnemon ic instructions into machine lan
guage operation codes (opcodes). This is 
complicated in the M6800 by having the 
opcodes for so me instructions vary with the 
accumul ator or type of address ing used. This 
information is developed as each line of 
input is processed, so the parse and translate 
functions must work together to develop the 
correct opcode. The second function re
quired at leve l 3 is to process assembler 
directives that control the assembly process 
from the input stream. These may in clude 
such operat ions as reserving sections of 
memory, setting up constants, assigning 
values to symbo ls, changing the program 
counter, and whatever else may be defined 
in the language. The third function required 
at this leve l is the maintenance of a table of 
user defined symbols with their associated 
va lues. Entries may be added to the tab le, or 
retrieved from it as the parsing routine 
directs. Th e final function at this leve l is an 

SIMPLE ASSEMBLER STRUCTURE 

LEVEL 

START 
2 Initial ization 

I 

Generate 
3 Op Codes 

4 

ASSEMBLER 
PROGRAM 

1 

PARSE 
Mainline 

Scan Input 

I 
I 

Handle 
Assembler 
Directives 

I 
Maintain 
Symbol 
Tab le 

ERROR 
General ized 

Error Routine 

CLEANUP 
End of 

Job 

I 

Perform 
10 

Figure 2: This is a simple network diagram showing the primary functions 
required by assembler programs in genera/. The error routine is common to all 
other functions. 
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Editor's Note: 

A t the present time 
(january 7977) Jack Em
merichs' assembler, de
scribed here and in the 
second part which follows 
next month, is my princi
pal means of assembling 
programs for my home
brew 6800 based system. 
I'lle lIery successfully used 
it to assemble its own 
patches to fit my system, a 
text editor which is now 
part of myoId hand 
assembled monitor, an ex
tensille music text editor 
program, and two differ
ent lIersions (so far) of a 
mu Itiprocessing music in
terpreter program to drille 
my synthesizer peripher
als. After hOlling suffered 
systems software with
drawal pains for oller a 
year, it is great to get my 
"fix" of this intoxicating 
elix ir . ... CH 

10 routine which I'ece ives source code from 
an inpu t device, and writes li stings and 
generated code to output devices. 

The last level in th is stl'uctu re is shown 
here as a genera li zed elTm handling routine 
that flags and describes any amb igu ities or 
errors in the source code, This can be 
described as a genera l service routine, and 
may be invoked from any function detecting 
an er ror. 

Several aspects of this project required 
the add ition of new functions or modifica
tions to ex ist ing funct ions within th is stl' uc
ture, and will be tl'eated here in some detail. 
The most seve l'e functional changes were the 
resu lt of I-equiring .the source program to be 
pmcessed comp letely in one pass , 

The pmblem of making the assembler a 
one pass type in genel'a l is: What is to be 
done when the in comi ng code references a 
symbol that is not yet in the symbo l table 
but may be defined latel' on 7 This is known 
as a fOI'ward I'efer~nce and is quite likely to 
occur in a lmost all programs of nontrivial 
length, 

The so lution to this problem will I'equire 
coordinat ion between the assemb ler program 
and a loader program. The loader is ru n as a 
separate opel'ation that convel'ts the object 
code developed by the assemb ler into an 
executab le progl'am in memol'y, In thi s case, 
the assemb ler will generate one, two or three 
bytes of object code for each line of so ul'ce 
code, It wi ll also gene l'ate the address in 
memory where these bytes are to be loaded , 
Wh en a forward refe rence is made, 
"dummy" code will- be generated instead of 
the normal ob ject code. Thi s dummy code is 
simpl y an add l'ess or offset with a va lue of 
zero. The address of where the final address 
is to be loaded wil l be generated and saved in 
a tab le, Wh en the I'eference is late l' resolved, 
the cort'ect ob ject code mu st be gene l'ated 
with an address wh ich wi ll cause it to 
overlay the or iginal dummy code putting in 
th e correct va lue, If several references have 
been made to a symbol by the time its va lue 
is I'esolved, sevel'a l sets of add l'esses and 
patches to the dummy code must be de
veloped. The opcode which is developed and 
put out with the dummy code will never be 
changed. The operand will be th e dummy 
va lu e to be patched, The loader I'equired to 
properly handl e this type of genel'ated code 
will be shown in detail next month. (Such a 
loader program is effectillely a second 
"assembly" pass; howeller, by making the 
output routine include a loader and using 
extra memory as we'lle done with Jack's 
assembler, the entire process can be carried 
out within memory nearly instantly . .. CHj 

Befol'e consider ing the funct ions needed 
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to ach ieve the generation of du mmy,,~ode 
and late r patches, two specific problems 
must be considel'ed: What kind of opcodes 
and addressing fOI'mats must be hand led, and 
how are express ion s containing a forward 
reference handled 7 

Fil'st, consider the relationship between 
opcodes and add ressing modes, For the 
M6800, opcodes are one byte in length, and 

- may vary with the accum ul ator or mode of 
addressing being used, The operand may be a 
one or two byte address value wh ich is a di
rect reference to a location in the first 256 
positio ns of memory (zero thmugh 255), an 
extended reference to any position in 
memmy, an offset from the index register, 
m an offset relative to the address of the 
ne{<t in struction, It may also be one or two 
bytes of data immediately following the 
opcade, As the incoming instruction con
taining the forward I'eference is being proc
essed, the addressi ng mode being used is 
usua ll y well defined and indicates a unique 
opcade and instruction length, This is not 
the case, however, when the instru ction 
making a forward I'efel'ence is not relative, 
immediate, or indexed, It can then be either 
direct (one byte) or extended (two bytes) , 
The difference depends ent irely upon 
whether the final resolved address is greater 
than 255 or 'lot, and at this point the 
address value is not known , Therefore, I 
established the .fo ll owing convention: Wh en 
no addressing mode is specified in a forward 
reference, extended addressing will be 
assumed sin ce it ca n refer to any position in 
memmy, Some efficiency may be lost by 
not allowing the shol'tel' fo rm of address ing 
here, but most forward references are not to 
locations in the first 256 locations anyway, 
so the restriction is not a severe one , / Using 
an equate (EQU pseudo operation) to define 
a page zero address ahead of its first use 
neatly sallies the problem when using the 
assembler, , . CHI 

The second pmblem is the handling of 
ar ithmetic exp ressions contain ing a forward 
refel'ence. It will require a so lution built 
upon the log ic developed so far, and will 
require add itional coordinat ion between the 
assemb ler and the loader. If the loader 
comb ines over lay ing code with whatevel' is 
all'eady in memory instead of using it as a 
replacement, the dummy code can be used 
to contain part of the information needed to 
resolve such an express ion. This requires that 
the loader clears memory befme starting t'ne 
load ing process and can correctly combine 
all single and double byte values. An expres
sion with a forward reference is bes t illu s
trated by an example. 

To load accumulator A with the address 



of five less th an the sum of Y and Z (both 
unkn own at this point) in tab le I , th e 
fo ll ow ing code co uld be used: 

EXAM PLE1 LD AA TABLE1 +Y+Z- 5 

Th e express ion (TABLE1 +Y+Z- 5) is 
eva lu ated as far as it can be, and the va lu e of 
(TAB LEI - 5) is pu t out as th e dumm y code. 
When Y and Z are reso lved (in any order), 
they are each put out as a correc ting va lue. 
Th e loade r then co mbines all three va lues 
(TAB LEl - 5, Y and Z) to arrive at the f inal 
va lue. If the loader simpl y adds each cOl"rec
ti on to what is cur rent ly in memory, a 
certa in amoun t of caut ion is required when 
using the minus sign (- ) or sy mbol s with a 
nega tive va lu e. A funhel' cons iderat ion is 
that the assembl el' can on ly chec k the I'ange 
of re lat ive or indexed offsets for each 
occurrence of dummy or cor rec ting code. 
When these are co mbined by the loader, 
they may exceed allowab le offset ranges. It 
is up to the programmer to see that they do 
not exceed the limits. Since the I"equire
ments for handling forward references have 
been exam i ned, and method s of ac h iev i ng 
these requirements have been developed, the 
fi l's t new fu nctions req uired by this asse m
bl el' can now be co nsidered. 

The first major change is a new function al 
req uirement. A routi ne is needed to record 
all pend ing forward references in a tab le. 
The tab le must co ntain a pointer to the 
sy mbol that was referenced, the address in 
the source progl"am whel"e the reference 
occurred and dummy code was generated, 
and the type of reference that was made 
(one byte or two, abso lu te or relat ive). Each 
time the m utine is in voked, a new entry is 
added to the tab le. If th e tabl e is full, an 
CITor condition is raised. The ta bl e size was 
arb itraril y se t at 25, which has proven to be 
more than suffic ient if the source program is 
properly organi zed. (In writing a new 
version of my monitor and text editor 
program (about 7500 source statements) 
with j ack's assembler this has proved to be 
the case ... CHj The Set Forward Refer
ence rout ine has the logical structure shown 
in li st ing 1. Note th at in this structul'ed 
programming notation there is only one 
logica l entrance and one logica l exit from 
each fu nction. The logical exit (return) may 
have seve ral physical locati ons, however, to 
red uce the amount of code used. (The use of 
structured pseudocode such as that sho wn in 
lis ting 7 for program design was discussed in 
the article "Programming for the Beginner" 
by Ronald Herman published in the june 
1976 BYTE, page 22.J 

The second major change is anoth er new 

Set Forward Reference 

(start at begin ning of forward refe rence tab le) 
DO UNTI L (past end of t abl e) 

I F (current slot is an empty slot ) TH EN 
(store pointer to symbol in symbol tab le) 
(store current address) 
(sto re type of refere nce ) 
(return) 

ELSE 
(increment to ne x t slot in table) 

ENDIF 
ENDO 
(signal error si nce forwa rd reference table is full) 
(return ) 

Listing 7: Set Forward Reference Routine. 
This routine is called once for each reference 
to a symbol that is not resolved in the sym
bol table and is not being used as a labe/. 

function al requirement. A routine is needed 
to generate the cor rect ing object code when 
the valu e of an item in the new tabl e is 
reso lved . This routine must search the entire 
forwa rd reference tab le fo r pointers to the 
newl y resolved symbo l and generate a CO I"
recting reference fo r each. The address at 
which the dummy code was genel'ated is 
retri eved from the tabl e and used as the 
location fO I' the cO ITec ting reference. If the 
prev ious I'eference was a 'relative in stru ct ion, 
the diffel'e nce between the previous address 
and th e reso lved address is ca lcul ated and a 
single byte is put out. If the prev ious 
reference requ ired a one byte address (in
dexed 0 1' imm ediate on e byte ), on e byte is 
ge nerated. If it I" eq uil"ed a two byte ad dress 
(ex tend ed 01" immed iate two byte), two are 
generated. As each correcting item is com
plete , its position in the forwa rd reference 

Resolve Forward References 

(start at beginning of forward reference table) 
DO UNTI L (end of table) 

I F (t his reference to symbo l tab le = current symb) TH EN 
(save current add ress) 
(current address = address from forward reference table) 
I F (relat ive addressing) TH EN 
: (calculate relative offset) 

(w rite it out) 
ELSE 

IF (two bytes required) THEN 
: (write out symbo l's high byte) 
ELSE 
ENDIF 
(write out symbol's low byte) 

ENDIF 
(cl ear tab le posit ion for future use) 
(res tore current address) 

ELSE 
ENDIF 
(increment to next table posit ion) 

ENDDO 
(re turn) 

Listing 2: Resolve Forward Reference Routine. This routine is executed each 
time a symbol flagged as unresolved in the symbol table is used as a label. 
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table is cleared for future use. Therefore, a 
source program may have as many forward 
references as it needs, but the number of 
forward references pending at anyone time 
is limited by the size of the tab le. If any 
pointers to the symbol tabl e are found at the 
end of the assemb ly, the undefined sy mbols 
are printed as potential errors. The Resolve 
Forward Reference routine has the logica l 
structure shown in li st ing 2. 

The third major change is a functiona l 
modification. A routine has already been 
defined to maintain the symbo l tabl e, but 
nOw it will also be required to recogni ze 
symbols that are unresolved, and to de
termine when the new funct ions developed 
above must be ca ll ed. The first time an 
unresolved sy mbol is used, it will no t be 
found in the symbo l tab le, so it mu st be 
entered into the next ava ilable slot. If there 
is no available slot, a symbol table full error 
condition is raised. Set Forward Reference 
will then be call ed and a zero add ress 
returned . Additional refe rences to th is 
symbol will now be found in the table. 
Because each is fl agged as unresolved in the 
symbol tab le, Set Forward Reference is 
agai n ca ll ed and a ze ro address is returned. If 

Maintain Symbol Table 

(start at beginning of symbol table) 
DO UNTI L (past end of table) 

IF (current symbol = incoming symbol) THEN 
I F (incoming symbol is a label) TH EN 

IF (table address = zero) THEN 
: (load symbol into table) 
: (set symbol s to be resolved condition) 
: (return tabl e address) 
ELSE 
: (signal error, dupli ca te symbol def inition) 
: (return) 
ENDIF 

ELSE 
I F (table address = zero) TH E N 
: (call SET FORWARD ADDRESS) 
: (return zero value) 
ELSE 
: (return table address) 
ENDIF 

ENDIF 
ELSE 

I F (current table slot is an empty space) TH EN 
(load symbol into table) 
IF (incoming symbol isa label)THEN 
: (return current address) 
ELSE 
: (call SET FORWARD REFERENCE) 
: (return zero va lue) 
ENDIF 

ELSE 
: (increment to nex t sl ot in symbol tabl e) 
ENDIF 

ENDIF 
ENDDO 
(signal error, symbol table full) 
(return) 

Listing 3: Process Symbol Table Routine. This routine is called each time a 
symbol is used. If the symbol has a resolved value it is returned to the calling 
module, otherwise a zero value is returned, 
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the symbol is used as a label, the current 
address is entered in to the symbol table and 
I'e turned as the label' s va lue. Reso lve Fm 
ward Reference cannot be ca ll ed at thi s time 
because the current instructi on may mod ify 
the va lue of the sy mbol just reso lved by 
equ ating it to a user defined value. Reso lve 
Forward Reference must be call ed after the 
current line of sou rce code has been com
plete ly processed. Now if another label for 
thi s sy mbol is encountered, a dupl icate label 
error cond ition is ra ised. 

To avoid using a separate byte of memory 
for the unresolved fl ag for each sy mbol in 
the sy mbol tabl e, a ze ro address is used to 
indica te an unresolved symbol. Th is all ows a 
zero va lue to be norma ll y returned for such 
sy mbols as required by the above logic. The 
only effect this will have on so urce code 
programming is that a label at locat ion ze ro 
cannot be resolved. Th erefo re, a sy mbol 
should not be defined at or eq uated to zero, 
Each reference to it would add an entry to 
the fmward reference tabl e and soo n fi ll it 
up. In stead, a dec imal value of ze ro should 
be used. The Maintain Symbol Tab le routine 
now has the logical structure shown in listing 
3. 

These functiona l modificat ion s enabl e the 
assemb ler to comp letely process a source 
progra m in one pass. At this point, the 
functiona l !'equirements for process ing with 
onl y one 10 interface can be considered. 

Logica ll y, each pl"Ogram to be assembled 
has three basic sets of da.ta to be handl ed: 
the so urce code used as input to the asse m
bl er, the object code deve loped by th e , 
asse mbler, and a program li st ing showing the 
object code that is generated fm each line of 
source code. Physicall y, an 10 interface is 
usua ll y used to read and write data_to or 
from one external dev ice. The pl"Oblem of 
handling three logica l sets of data on one 
physica l device has been solved by co m
bining the genel'ated object code wi th the 
li sting . This reduces the data handling re
quirements to one input file (source code), 
and one output f il e (the co mb ined li stin g) 
whi ch the single interface can eas ily handle. 
The generated ob ject code and its assoc iated 
address that the loader uses are already 
produced on th e left side of the I ist ing as 
shown in li sting 4. Thel'efore, it is onl y 
necessary to prov ide a WilY for the loader to 
direc tl y read the li sting to find the data that 
it need s. 

How the li sting is made ava il able to the 
loader will vary with different ph ys ica l 
configurations, and there are unlimited vari
ations in possible hardware arrange ments for 
sma ll systems. This assembler was initia ll y 
written to run on an ASR mod el Telety pe 



Sample L isting 

LOCN B1 B2 B3 

0001 CE 00 20 > CLEAR LOX 
0004 6F 00 > LOOP CLR 
0006 08 > INX 
0007 8C 00 30 > CPX 
000 A 26 F8 > BNE 

with both tape reader and tape punch 
control characters enabled. A permanent 
machine readab le copy of the I isting can be 
pmduced on paper tape during the one pass 
opera tion . The listing, however, must be 
modifi ed to enab le the loader to find the 
required data when reading this tape. 

In the 4 K version of this assembler, items 
that the loader needs can be surrounded by 
special nonprinting characters that can be 
recognized whi le scanning the listing. This 
isolates the needed items from source code, 
headings, comments and other ex traneous 
items. These characters must not appear in 
any other context within the listing, so 
contl'o l characters (which al'e not va lid as
sembler' input) are the most logica l choice. 
To the loader, then, the listing shown in 
listing 4a wou ld ap pear as shown in list
ing 4b where the '(' and ')' represent non
printing characters used to signify the start 
of an address, and the end of any bytes to 
load respec tively . The high level form of the 
logica l structure for a loader which wou ld be 
able to use such a listing is shown in 
lis t ing 5. 

The combined assembly listing is pro

duced by starting each line of source code in 
the midd le of the page. The car ri age return 
at the end of each li ne returns the current 
print position to the front of the line. The 
generated code is then printed in fro nt of 
the source code. Before prompting for the 
nex t line of source code, a line feed is issued 
to position the paper for the next line. The 
result is most interesting to watch on the 
Teletype sin ce one nOl"mally ex pects a line 
feed at the beginn ing or" end of a line. The 
loader recognition characters are combined 
with "punch on" and "punch off" charac
ters to keep al l unwanted items off the 
ob ject tape. 

There are 10 timing considerations wor"th 
mentioning that apply regardless of a sys-

#TBL LOAD IX WITH START OF TBL 
X CLEAR TBL LOCATION 

INCR TO NXT TABLE POSN 
#TBL+ LENGTH END OF TABLE? 
LOOP IF NOT, DO IT AGA IN 

tem's configuration . If the input is coming 
from a tape file, input operations must stop 
to allow the generated code to be put out 
because the Motorola MI KBUG 10 ro utines 
cannot support concurrent input and out
put. If stopping the input is not feasible for 
a given system, additiona l routines may have 
to be written to overcome the MIKBUG 
limitations. For interactive operation, there 
is rarely a prob lem as the assemb ler is 
usually faster than the user. For a tru ly 
min imum system, the source code can be 
entered by hand from the terminal, and the 
generated object code can be cop ied from 
the combined list ing and loaded, again by 
hand . In this case, no intermed iate fi les are 
required at a ll! 

The functional changes necessary to allow 
the assemb ler to operate with only one 10 
interfqce are handled as modificat ions to the 
existing 10 routi ne to enab le it to create the 
listing as shown above. Specific changes may 
differ for various system configurations, and 
wi ll not be shown here. We have now 
considered functional modifications to ac
commodate our requirements that the as
sembler operate in one pass, and that it use 
only one 10 interface. Th e final requirement 
which wi ll modify some of the original 
functions is that it run in on ly 4 K of 
memory. 

The f irst thing to do is to look at all the 
functions ava il able in existing M6800 assem
blers and eliminate alternate ways of accom
plishing things. In a tin y assembler, alter
nates are usual ly expendable overhead. For 
exa mple, operands for th e A and B accumu
lators may optional ly be separated from the 
mnemonic instructions in 8 K assemblers 
(for example, LOA A instead of LOAA). 
This has been changed to require that the 'A' 
and 'B' be attached to the mnemonic which 
eliminates an additional scan for the 
'accumu lator operand. The choice of entering 

Loader's View of the Listi ng 

LOCN B 1 B2 B3 

10001 CE 00 20) > CLEAR LOX #TBL LOAD IX WIT H START OF TB L 
\0004 6F 00) > LOOP CLR X CLEAR TBL LOCAT ION 
(0006 08) > INX INCR TO NXTTABLE POSN 
(0007 8C 00 30) > CPX #TBL+LENGTH END OF TABLE? 
1000A 26 F8) > BNE LOOP IF NOT, DO IT AGA IN 
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Listing 4a: Combined list
ing as seen by the user. 
The generated code shown 
under the headings 87,82, 
and 83 are to be loaded 
starting at the address 
shown under LOCN. This 
was generated at 8 YTE 
using Jack's assembler as 
modified for Carl Helmers' 
homebrew system. 

Listing 4b: Combined list
ing as seen by the loader. 
The generated code and 
associated addresses are 
separated from the rest of 
the listing by speCial char
acters shown here as '(' 
and ') '. This is a simulation 
based 017 part (a) of this 
listing. 
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data in decimal, hexadecimal, octa l or binary 
form has been reduced to dec imal and 
hexadec imal. Alternate indicators of data 
type (eg: using a leading '$' or a trailing 'H' 
to ind icate hexadeci mal) are restricted to 
lead ing indicators to simplify pars in g rou
tines. Other such redundanci es can be 
eliminated whenever a significant amount of 
code is needed to support multiple ways of 
doing th e same thing. 

The next al'ea where space can be co n
se rved is in table structure optimi za t ion. The 
larges t tab le is the sy mbol tabl e, so sy mbol 
size has been redu ced from six charac ters to 
four . Th e first three and the last one 
character of a label of any size over fou r are 
co mbined as th e characte r str ing entered 
into the tab le. This matches the four charac
ter size of th e mnemoni c plu s accumul ato r 
instruction menti oned above, and the fou r 
character format of a hexadec imal address . 
The in put ro utin es may therefo re be bu il t 
around a standard fo ur characte r fo rmat. 
Instead of using a bi nary search in the 
operand translation table, a hash index into 
the opcode tab le based on the mnemo nic's 
fi rst letter is used. (See Terry Dolhoff's 
article on hashing techniques on page 78 of 
j anuary 79 77 BYTE.) This keeps the num
bel' of tab le entries searched to an ave l'age of 
4.5 per opcode, and I"ed uces the length of 
the sto red mnemoni c. By combining thi s 
access method with routines making use of 
the M6800's opcode structure, all of the "1 4 
four character mnemon ic instru ct ion and 
asse mbler directives can be kept in a table 
keyed by 79 two character strings. 

The nex t area where space can be co n
served is in the simpl ifica tion of co mpl ex 
mutines at the poss ible cost of some eff i
ciency or fu nct ion. Because the sy mbol tab le 
in thi s asse mbl er is smaller than those in fu ll 
sca le assembl ers, and because we've got a 
ded icated personal machine to work with, 
co mp lex hashing routines can be dropped in 
favor of a simp le seq uential sea rch which 
burns a bit · of co mputation time. Many 
co mp lex error detect ion routines have been 
si mp lif ied to ca tch the most common occu r
rences of a prob lem. Al l phys ical 10 opera
tions are accomp l ished through the Motorola 
MI KBUG moni tor rather than th rough 
uniquely written routines. 

Loader Structure 

DO UNT I L (end o f listing) 
DO UNT I L (character read is a '('I 

(read character! 
I F (ch aracte r is nul l) TH EN 

(stop) 
E LSE 
ENDIF 

ENDDO 
(read address in to index ) 
D O UNTI L (ch arac ter read is a ')') 

(read character! 
IF (character is a blank) TH EN 

(read a byte from two hex characters) 
(add incom in g byte to indexed address) 
I F (carry bit is set ) TH EN 

(inc rement byte beyond indexed address) 
ELS E 
END IF 
(increment index ) 

ELSE 
ENDIF 

ENDDO 
ENDDO 
(stop) 

Listing 5: Logical structure for a directed loader capable of processing the 
listing shown in listing 4b. See listing next month for the implementation of a 
loader based in part on this structure. 

The f inal method used to save space is to 
simpl y elim inate fun ctions that are of 
li mited use and requ ire signif icant code to 
implement. Th ere is no provision for multi
pli cat ion or di vision in the ex press ions with
in an in stru ct ion's operand. Multipl e ad
ditions or subU"actions are possibl e, however, 
and can often be used where mUltipli cat ion 
and div ision are usua ll y fo und . Th ere are no 
prov isions fO I" naming prog rams or for se lect
ing opt ions in ge nerat ing the combined 
li sti ng. Some erro r check ing, such as in va li d 
address or byte overflow, has been com
pletely eliminated. Th e code generated is as 
compact as possible to fit in small machines, 
but is not relocatab le. If it is des ired in 
another locat ion, it must be reasse mbl ed. 

The result of all thi s co mpac t ion effo rt is 
an asse mbl er whose bas ic executab le code 
fits within 2"170 by tes, and will run com
plete ly with in 4096 bytes of programmabl e 
memory with a sy mbol tab le ca pacity of 
200 symbols. Modifications have been made 
to almost all of the ex isting fun ct ions to 
accompl ish the above changes. This co m
pletes the functional add itions and mod if ica
t ions requ ired for the assembl er defined by 
the project specifications as shown in figure 
3.-

In the next issue of BYTE, we '/I continue 
j ack 5 article on his "Tiny Assembler" with 
his discussion of coding the assembler. The 
second part includes object code and infor
mation on patching and relocating the 
program. 
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San Francisco Bay Area - Wh ere It All Started - Has Its First Home Computing Convention 

7,000 to 10,000 People 
100 Conference Presentations 

200 Commercial & Homebrew Exhibits 
Two Banquets with Outstanding Speakers 

Special-Interest Social Centers 
Publication of Proceedings Being Planned 

In Northern California's Largest Convention Facility, San Fran cisco's Civic Auditorium 

CONFERENCE SECTIONS ON BOME COMPUTING 
Bein g Planned 

• Computer Graphics on Home Computers 
• Computer-Driven & Computer-Assisted Music Systems 
• Speech Synthesis Using Home Computers 
• Computers & Amateur Radio 
• Computer Games: Alphanumeric & Graphic 
• Personal Computers for the Physically Handicapped 
• Computers & Systems for Small Businesses 
• Tutorials for Hardware Novices & Software Novices 

• Software Design for Personal Computers 
• Mkroprogrammable Microprocessors for Hobbyists 
• Optical Scanning for Inexpensive Program & Data Input 
• Floppy Disc Systems for Home Computers 
• Hardware & Software Standards for Personal Systems 
• Seminars for Club Leaders, Editors , Organizers, etc. 
• Personal Computers in Education (associated with a 

University of California short-course) 
-- AND M UCH MORE --

PRESENT·WORLD a FUTURE·WORLD BANQUET SPEAKERS 
Banquets to be Held in San Francisco's St. Fran cis Hotel 

Fascinati ng Speakers will Discuss the Past, Present , & Future 

• Frederik Pohl, Science Fiction Writer; • Henry Tropp, Mathematician, and Principal 
Lecturer to NASA, American Astronautical Investigator for History of Computers 
Society, New York Academy of Sciences, Project jointly sponsored by the 
World Future Society, etc. Smithsonian Institution & AFlPS 

R obots You Can Make for Fun & Profit Th e J 940's: The FJRST Personal Computing Era 

• John Whitney, Pioneer Computer Film Maker, 
Computer graphics experimenter under grants 
from NEA, Guggenheim Foundation , & IBM 

Digital Py rotechnics: Th e Computer in Visual Arts 

• Ted Nelson , Author & Fantast, Director of the 
Xanadu Electmnic Literary Network , 
Lecturer at Swarthmore College 

Those Unforgettable Next Two Years 

IB'7'7 . sa.:n. :fra.:n.ci.sco 
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GET YOUR FREE COpy 
OF THE 

SILICON GULCH GAZETTE 
• Details of the programs & speakers 
• Information about the banquets' arrangements 
• Accommodations information, & registration forms 

for the St Francis Hotel (Faire Headquarters Hotel) , 
& the other three Computer Faire hotels 

• Pre-registration details for the Faire . 
(reduced admission for those who pre-register) 

• Details of the Proceedings expected to be published 
• Articles about the homebrew exhibits 
• Weather information, & tourist trivia regarding 

San Francisco 
• Listings of the commercial exhibitors 
.AND,just to make it interesting : 

- "Hot news': & raging rumors from "Silicon Valley" 
(the San Francisco Bay Area) 

- Product announcements, equipment descriptions, 
hardware & software news, etc. 

CO-SPONSORS INCLUDE AMATEUR, 
PROFESSIONAL, a EDUCATIONAL GROUPS 
• The two largest amateur computer groups: 

Homebrew Computer Club 
Southern California Computer Society (SCCS) 

• Both Bay Area Chapters of the Association for 
Computing Machinery (ACM) 
San Francisco Peninsula Chapter 
Golden Gate Chapter 

• IEEE Computer Society's Santa Clara Valley Chapter 
• California Mathematics Council 
• Stanford University's Electrical Engineering Dept. 
• University of California's Lawrence Hall of Science 
• People's Computer Company (PCC) 
• Community Computer Center 
• Bay Area Microcomputer Users Group (BAMUG) 
• Professional & Technical Consultants Assn (PATCA) 
• Amateur Research Center 

april 15-17, 1977· san. :fran.cisco 
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Establishing the CHU Dynasty 

Let It All Hang 0 ut 

Much time is taken up at computer club 
meetings, and especially at computer- con
ventions, with people ask ing each other what 
machines th ey have, how much memory, 
what periph erals, and so on _ Much time 
cou Id be saved if there were some faste r way 
of communicating this in fo rmation, and one 
possibility is the Computer Hobby ist Uni
for m, or CHU, for th e pur-poses of add ing 
one mor-e in comp r-e hens ibl e ac ronym to the 
vernacu lar_ 

The basic requirements for the CHU ar-e 
that it be inexpensive, readily obtainab le and 
li ghtweight. The one garment that fits all 
these criter ia is the white lab jacket, with 
long sleeves and a button or- two in front, 
also known as an inter-n's jacket, ava il ab le 
everywhere for $9 to $ 22, with an average 
price of $13_ 

As for in sign ia, the most widely available 
type is military, and Arm y str ipes ar- e well 
suited to the job _ The resu lting combination 
provides a pleasant uniformity th at helps 
make for a more ho mogenous group, as well 
as toning down the flas hy dr-essers and 
improving the appearance of the slobs _ 

Stripes for Memory 

Since many comp utemiks see m pr-oudest 
of how much memor-y the ir machine has , it 
follows that Army noncom stripes are 
best used to indicate the amount of sem icon
ductor storage_ As figure 1 shows, the 
number of str ipes indicates how much 
memory the wearer's computer has _ For
instance, if his Altair 8800b has at least 
2 K bytes and a_s much as 4 K- 1 (ie : 4095) 
bytes, he wears one str ipe on each sleeve; 
from 4 K bytes to 8 K- 1 bytes, two stripes; 
from 8192 bytes to 16,383 bytes, three 
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str-ipes; and so on _ The mathematica ll y 
minded reader will note that the lower limit 
(in units of K=l 024 bytes) is 2 raised to a 
power eq ual t') the total number of stripes 
and rocke rs_ So three stripes and two rockers 
indicate that the wearer has at least 
25 = 32 K bytes of se miconductor memory 
in h is or her computer, and perhaps more_ 

For the memory fanat ic with 128 K up to 
256 K bytes, there's the first sergeant' s 
insignia, with three stripes, three rockers, 
and a diamond _ Incidentall y, no stripes on 
the upper sleeve indicates up to 2 K- 1 bytes 
of memory_ 

Service Stripes 

A diagonal stripe on the lower left Army 
sleeve indicates three years of serv ice_ On the 
CHU, it indicates how many years the 
wearer has had his or her computer up and 
r-unning_ Although someone with an 
Altair 8800 might want each stripe to indi
cate a year, it's better to let the three year 
per-iod stand_ After all, anybody who's had a 
Scelbi 8H, or Mark-8, or RGS 008A running 
since they were first ava il ab le will be en
titled to wear a single three year str ipe by 
Spring of 1977_ And if the stripe were to 
stand for on ly a year, the CHU sleeve could 
get terribly cluttered by 1984_ 

There are other sleeve decorations tliat 
cou ld be used , but which might on ly add to 
the clutter_ There's the shon hori zonta l bar
for six months overseas, which mi ght be 
used to indicate that the wearer has operated 
a hobby computer in a foreign country_ The 
Unit Citation might be used by computer 
clubs to indicate so me son of group merito
r-ious action , such as designing a com
puterized course selection sys tem for the 



local high schoo l, or wo rking out a method 
fo r bea ting the local rou lette wheel opera
tion to help suppl ement clu b fund s, or 
ca lcul at ing how much beer should be 
ordered for an all-n ight programmi ng 
sess ion . 

Maker Patches 

Now that yo ur staff sergea nt's stripes 
have ident ified you from a distance as a 
BMOC (Big Man on Co mpute rs), a shou lder 
pa tch, worn at the top of the left sleeve, 
ide ntifies th e maker of yo ur co mputer. 

These co lorfu l patches, similar to the 
Army patches that identify a so ldier as 
be longing to the Seventh Division or the 
Fifth Army, show the computer manufac
turer's na me in a di stin ctive and arti stic 
design. Such patc hes could be so ld by IMS AI, 
MITS, So uthwest, etc, or packed with each 
compute r kit. To make, they cost less than 
$"1 each in large quantit ies . 

A sl ight pro bl em ar ises if a man ufact ure r 
offe rs more than one co mputer, such as the 
MITS Alta ir 8800b and 680b. There are two 
so lutions fo r th is amb iguity. A diffe rent 
patch coul d be made up fo r each, with the 
mode l num ber in clu ded; or a rectangul ar 
patch, bear ing onl y the model number, 
co ul d be made for se wing on ri ght und er the 
maker's patch. 

Another pro bl em co mes up if the CHU 
wearer has, say, both an ETC-1 000 and an 
EBKA 6502 Fam iliar izor. He or she can 
eas il y wear th e ETC patch on one should er 
and the EBKA patch on the other. The 
quest ion arises: Shoul d the memory stripes 
show to tal memory, or shou Id each se t of 
stripes show only how much memory is in 
the co mpu te r whose maker's patch is on the 
same sleeve? It all depend s on wh ether he or 
she min ds hav ing an uneq ual number of 
stri pes on the two sleeves . P:1ysic is ts, math e
matic ians and other lovers of sym metry may 
beco me emotionall y hung up on thi s issue. 

If the CH U weare r has more than two 
co mpu te rs, he or she has two so lu t ions: 
either stacking the makers' patches one 
below the other on the sleeve, or sewing the 
extra ones on the front of the jacket - but 
not just above the breast pocke t area, 
because that's where we put the Periphera l 
Pi ns and Data Decorations. 

Peripheral Pins 

Now that you've been identified from 
afar as the owner of a Southwest 6800 wi th 
8 K. bytes of memory, somethi ng is needed 
to show what you've got attached to you r 
computer. A simple so lut ion is to use zapped 
14 pin or 16 pin ICs, lettered in whi te, 
inserted in to a nar row stri p of P patte rn 

2 K to 4 K-1 bytes 
(Private, first class) 

16 K to 32 K-1 bytes 
(Staff sergeant) 

128 K to 256 K-1 
(F irst sergeant) 

4 K to 8 K-1 bytes 
(Corpora l) 

32 K to 64 K-1 bytes 
(Sergeant, first class) 

Meritorious 
Unit Award 

Overseas S ervice Bars 
(Six months each) 

8 K to 16 K -1 bytes 
(Sergeant) 

64 K to 128 K-1 bytes 
(Master sergeant) 

Service Stripes 
(Three years each) 

Figure 7: Represen tative military stripes adapted with semantic redefinition 
to help CHU computer addicts. 
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Artwork credit: Lest there be 
confusion, this drawing was 
executed by Sandra Gray, no 
relation to author Stephen B 
Gray. 

Vectorboard , and somehow pinned on the 
right side of your jacket front, opposite the 
left breast pocket . The lettering might read 

or 

TELETYPE 
ASR 33 

SOUTHWEST 
CT-'024 

or even 
CROMEMCO 

TV DAZZLER 
Actually, a colorful dot pattern could be 
used for the Dazzler, without any lettering. 

Or different shapes of thin plast ic could 
be used to more readily identify various 
peripherals, such as one in the shape of a 
television screen, for vid eo output, lettered 
with something li ke 

SONY 
CVM-1l5 

Or a bit of black plastic, shaped like a 
Philips cassette, to show you use cassette 
storage, perhaps lettered with the name of 
the cassette deck you're usi ng. For floppy 
disk, a circular piece of plastic, le ttered with 
the maker's name. For a printer, perhaps just 
a rectangle with the maker's name lettered 
on it. And 50 on. A pin could also be used to 
ide~tify the maker of your computer·, in 
addition to the shoulder patch, for faster 
face-to-face identification at club meetings. 
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Name Tags 

Name tags are often used in the Army. 
The CHU vers ion is a dead MPU IC, without 
pins, with your name lettered on it, worn 
above the Peripheral Pins over where the 
right breast pocket would be if lab jackets 
had one. (Dan Meyer, head of Southwest 
Technical, wore a 6800 MPU IC on his shirt 
at Personal Computing 76 in Atlantic City 
last fall, with DAN and SWTPC lettered on 
it, partly inspiring this article.) 

Data Decorations 

The area above the left breast pocket is 
reserved for Data Decorations, wh ich are for 
meritorious action above and beyond the 
ca ll of duty. There's the black-and-blue 
ribbon for those who successfully fought the 
"Battle of the 66 Wires" on the original 
Altair 8800, and the very rare blue, grey and 
brown ribbon worn by that gal lant handful 
of pioneers who captured Hill 680, only to 
lose it when it was retaken. 

There are also software decorations 
although this area is somewhat amorphous: 
since what is a difficult feat for one-hobbyist 
might be a snap for another, just as in 
hardware achievements. It's up to each 
hobbyist to decide if he or she is enough of a 
hero to merit this or that Data Decoration. 
There might be a software ribbon for the 
person who wrote his or her own assemb ler 
or Tiny BASIC, etc. ' 

If a ribbon refers to a numbered piece of 
equipment, the resistor color code can be 
used for the ribbon colors, such as blue, grey 
and brown for the 680. Cryptic types can 
simply wear a 680 ohm resistor, attached to 
Vectorboard. 

Scratch Built and Homebrew 

There are some situations not covered so 
far. What about the hobbyist who prefers to 
build his or her computer from scratch? 
What does he or she use for a maker's patch? 
If there's enough demand for them, they 
could be supplied by the integrated circuit 
manufacturers, such as Intel, Motorola, 
Zilog, etc. Or again, by a computer store 
chain. 

For the real hard-core scratch builder 
who scorns microprocessors as the easy wa; 
out and designs h is or her own processor 
from TTL or ECl integrated circuits, a 
"homebrew" patch could be designed, 
perhaps on the style of a mountaineer' s still 
or witch's cauldron . ' 

Far 'Out 

For the hobbyist who is really into 
computers, and especially vice versa, the 





ultimate CHU add-on is a 100 pin printed 
circuit board edge, protruding from the 
back of the jacket, just above the shoulder 
blades. 

For the lunatic fringe, there's the com
puterized CHU, or COMCHU, with a SCjMP 
or othel' small board in one of the side 
pockets, controlling the flashing of LEOs 
and other devices inside insignia or pins 01' 

whatever; producin.g a Christmas tree effect. 
CAUTION: The COMCHU, if worn in pub
lic, is a sure ticket to a rubber room. 

Other Insignia 

Many other types of insignia could be 
borrowed from the military, but again, they 
would only clutter up the CHU. There's the 
fourragere, a braided cord worn around the 
left shoulder seam as a unit decoration . 
There's the Combat Infanuy Badge, worn 
above the ribbons over the left breast pock
et. And there're branch of service pins, worn 
on the lapel to indicate Infantry, Corps of 
Engineers, Ordnance, etc. With a little 
imagination, these could all be used, but the 
effect would be mo~e gaudy than anything 
else. This applies especially to medals, which 
are expensive to make; it's much neater to 
wear the equivalent ribbons. 

Same for officer's insignia, such as bars, 
oak leaves,. eagles and stars. They look good, 
but not when mixed with enlisted persons' 
stripes. For those who insist, such insignia 
might be used to indicate rank or seniority 
in a computer club. 

Other Jackets 

The hawks among us may prefer a mili
tary jacket, to go along with the military 
insigni a, rather than a lab jacket. The catch 
is that a GI jacket is apt to cost more, and 
isn't as easily and widely available. And it 
looks rather odd if worn with civilian 
trousers. If you want to go whole hog and 
wear uniform trousers and jacket, along with 
stripes and decorations, you might get in 
trouble with the MPs. However, if a full 
uniform is your thing, then you might go all 
the way. Get a web belt, a holster, and start 
toting a Replica Models copy of a .45 
automatic, with a light pen cleverly built 
into the barrel . The ammo pouches could be 
used to hold program cassettes for trading 
with other software thieves. 

Headgear 

Since interns and lab technicians seldom if 
ever wear hats, almost any type of headgear 
would look ' odd with a CHU. However, 
continuing in the military vein, there is one 
item that might appeal to the same lunatic 
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fringe type who has a COMCHU, and espe
cially to those who prefer a G I jacket and 
trousers. 

A copy of an Army plastic helmet liner 
could be made of the same material used in 
PC boards, printed wiring could be applied, 
and the whole thing turned into something 
like the battery powered Intersil Intercept 
Jr, with keyboard on top, display in front, 
and batteries in the rear . The curved surfaces 
might be too much of a challenge to a PC 
board designer, so perhaps some of the 
curves might have to flattened. This would 
make the CHO (Computer Helmet, Official) 
look even more futuristic and science 
fictionish. The full uniform CHUjCHO 
combination would be enough to stop a 
digital clock, as well as get you in trouble if 
worn outdoors. 

Belt Buckles and Tie Pins 

The CHU is meant only for wearing to 
computer club meetings or to computer 
conventions, as it's a little too odd to wear 
in pUblic. However, there are several ways of 
letting people know you're a computernik, 
without the CHU. And they can be worn 
with the CHU, too. 

If there 's enough demand for them, belt 
buckle equivalents of the maker's shoulder 
patches could be offered by MITS, Poly
morphic, OSI, etc. These can be either the 
flat laminated plastic multicolored type , or 
cast metal bas rei ief. Or the bel t buckle 
could be a miniature replica of the front 
panel of your Astral 2000 or PCM-12, or a 
replica of a SCjMP or KIM-l in its entirety, 
either as a laminated photoreduction, or in 
cast metal. The Cromemco TV Dazzler 
would be a natural for a multicolored 
mini-photo laminated belt buckle. 

Tie pins offer a variety of possibilities. 
Perhaps a miniature Continental Specialties 
LP-"I Logic Probe, or an 8080 processor, or a 
DB-25 connector. Or, once again, a mini
ature of a front panel or a PC board . 

The CHU Counter 

Although maker's patches are perhaps 
best supplied by the computer manu
facturers, all the rest of the CHU insigni a 
could easily be made up by one of the 
computer store chains, or by one of the 
manufacturers of military insignia. Com
puter stores could have a CHU counter, or 
CHU shelf, displaying the various stripes, 
decorations and pins. The best displ ay would 
be a CHU in maximum configuration, with 
jacket, full set of stripes, chestful of pins, 
and a bouquet of decorations.-



PRESENTS 
THE 

WE DO IT WITH MIRRORS! 
(and some very sophisticated state-of-the-art memory design) 

You've probably imagined that someday you'd like to own a 
computer system with a full complement of memory: 

65,536 BYTES 

• The 64KTM comes assembled and tested with its own power 
supply, attractively housed in an aluminum cabinet , ready to 
plug into your system. 

Your dream can be a reality with the Prime Radix Corporation 's • 
64KTM memory system at a very cost-effective price . And 
because it is a standalone memory system , you 've got the 
advantage of greater flexibility not ordinarily available from 
add-in memory . Some of the features are : • 

Psuedo-static operation: on board refresh clock-generator 
provides processor independent refresh with no wait states. 
The 300NS worst case access time enhances high speed 
operation . 

Power/ fail detection circuitry and battery backup will 
provide non-volatile memory (batteries are optional at extra • The 64KTM is fully buffered, presenting one TTL load to the 

memory bus. 

• The 64KTM is digital group bus and AL TAIRTM bus 
compatible. When ordering, you must specify the bus 
architecture. A plugcard and cable will be furnished for the 
particular bus architecture you specify . 

• The minimum complement of memory is 40K BYTES, with 
starting address locations at OK , BK, 16K, or 24K. 

cost) . 

40K 
$1490.00 

LIST PRICE IS AS FOLLOWS: 

4BK 
$ 15BO .00 

56K 
$1670. 00 

64K 
$1750 .00 

We are offering a special introductory ten percent discount off 
li st price on all orders received on or before March 31, 1977. 
Delivery will be made in the same sequence as orders are 
received. Please allow 3 to 6 weeks for delivery . Mastercharge 
and BankAmericard are accepted. 

PRIME RADIX. POBox 11245. Denver Colorado 80211 • (303) 433-5630 or 573-5942 r-------------------------- -------- --1 

I 
\ 

\ 

L 

PRIM:E RADIX 
COMPUTER SYNTHESIS 

Print Name 

Address 

City State Zip 

0 DIGITAL GROUP BUS 

0 AL TAIRTM BUS 

0 64K @ $1750 .00 

0 56K @ $1670.00 

0 4BK @ $1580 .00 

0 40K @ $1490 .00 

0 Check or M.O. enclosed 

0 Charge BAC 

0 Charge MC 

(Please No C.O.D.'s or PO.'s) 
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Make checks or money orders paya ble to: I 
PRIME RADI X. INC. 

PO Box 11245 

Denver. Colorado 80211 

(303) 433-5630 or 573-5942 

Credit Card Number 

I 
I 
I 
I 
I 
I 
I 

4 Numbers Above Name (MC)Good Thru I 
I 

____ ~n~ur~ ___ J 



Deal 
Yoursell in ... 

/0'f--~~=Alla~tic City, N.J. 
~/ ~ 1K . ~ Auglust 27th-28th 

,~ . . 

~ • . 
" \ . 

"'>., " \ \ 
Special group rate~cluDs a~~ 
organizations traveling from~he\West\ 
Coast and Mid-America contac : \ \ 

7 Seas Travel \ I 

17220 S. Norwalk Blvd . \ . 
Cerritos CA 90701 

Dawn Corrigan 
213-924-8383 
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What its all about! 

Software Development 
Micro Computers 

Hardware Development 
Disc Memories 

Computer Comparisons 
Interfacing 

Program Implementation 
AMSAT 

Computerized Music 
Video Terminals 
Kit Construction 

Printers 
Computer Games 

Digital Tapes 

• Seminars and Technical talks by leading electronic equipment manufacturers 
• Major Exhibits from all over the country 
• Demonstrations in many areas including Home and Personal Computing 
• Door Prizes, Free Literature and Free Mementos 
• All this plus Sun and Surf - Fun and Excitement - Relaxation and Leisure 

• Personal 

C Computing Write for FREE TRIP·KIT to PERSONAL COMPUTING 77, 
. Rt 1, Box 242, Mays Landing, New Jersey 08330 

77 Consumer Trade Fair 

EXHIBITION BOOTHS STILL AVAILABLE . CALL (609) 663·1188 
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A New Journal for Computer 
Musi cLovers ... 

John Snell, a computer person with a 
specialization in music, has just decided to 
start a new journal of information for the 
computer music person. This journal is 
called, quite naturally, the Computer Music 
Journal and is published by John through 
the facilities of PCe. The address for the 
journal is 1010 Doyle St, Box E, Menlo Park 
CA 94025. According to John's letter, which 
accompanied some descriptive copy, the first 
issue was expected early in 1977. The 
following is John's description, quoted from 
his letter: 

The first issue of Computer Music 
Journal includes an excellent comprehen
sive introductory article on computer 
music in general, written by Andy Moorer 
at the Stanford AI laboratory computer 
music project. Also included is an article 
by Dexter Morrill on high quality 
trumpet algorithms. I will print several of 
my own articles in this issue. One is about 

WIRE WRAPPING TOOL 

the design of a digital oscillator control
led by a small computer. It can output up 
to 256 low distortion sine waves with 
independent control of amplitude, fre
quency, and phase. I will also print an 
article 017 high speed multiplication. I 
have designed a TTL (74LSXX) circuit 
which will compute a 76 to 32 bit 
product every 75 I7S. I may also include a 
computer music re(lding list if there is 
room. I will also probably print an article 
by Steve Saunders on multiplicationless 
FM synthesis of natural timbre. 

Th e price of a subscription to the Computer 
Music Journal is $14 per annum. We've 
already signed up fOl' one and expect con
siderabl e interest on the part of BYTE 
readers in general .• 

For AWG 30, .025" (0,63mm) sq. post, 
"MODIFIED" wrap, positive indexing, 
anti-overwrapping device 

OK MACHINE & TOOL CORPORATION 
3455 Conner St ., Bronx . NY10475 / (212) 994 -6600 / Telex 125091 
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Early In,dications of Technology 

in Roman Military Arts 

or Plexitus 

Sometimes an individual is about to bring 
about an invention which could change the 
world, but is never noticed. We often say 
that this man was born before his time. 
Omnius Plexitus, legate of the XIII legion, 
was such a man. Stationed with his legion in 
the rough cou n try wh ich later became 
Bulgaria, he impl"Ovised in order to survive. 

Genius struck like lightning one day as he 
watched his artillery news practicing. One 
of the pieces of semi-portable Roman siege 
equipment was called the onager or ass, 
because of its kick; this was a sort of huge 
crossbow which fired a heavy bolt or arrow 
perhaps six feet long. During this particular 
practice session, the cable release mechanism 
became stuck and a legionnaire climbed atop 
the device to fr ee it. Free it he did, but only 
after he was astride the bolt to obtain 
leverage. Arrow and man sailed out as one 
across the treetops. History does not record 
the fate of this early pioneer, ' but this is the 
first historical incident of a man going aloft 
on an unpowered, heavier than air con
trivance. Th is observation was not forgotten 
by Plexitus. 

Plexitus was faced with supply problems 
in the hilly terrain in which his men were 
operating. They were widely spl-ead out over 
the backs of ridges and across gorges. Sup
plying these detachments became rather 
serious because the number of men which 
had to be dedicated to can-y ing food seri
ously reduced those carrying spears. Plexitus 
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solved this pl"Oblem by attaching food to the 
lightened onager bolts and having these fired 
at the isolated detachments of his legion. 
This was moderately successful since his 
casualties were light and the process spurred 
other developments. Unfortunately the fact 
that he had fired upon his own men was 
used later during his court-martial in Rome. 

This Idea Has a Lot of Impact 

Plexitus reasoned that such a bolt should 
be able to carry a man, but the major 
difficulty he faced seemed to be predicting 
the point of impact of the missile (and man). 
After devoting much study to the problem, 
he was able to define 28 variables wh ich 
directly influenced the flight of the missile. 
There was basically no limitation upon 
payload size; he merely built a bigger 
crossbow. l He had an onager scaled up and 
one was built concurrent with his attempts 
at aiming. 

The first man known to fly was an aide to 
Plexitus, Dominic Idiotus. Idiotus (from 
whence comes the common technical term) 
was apparently offered a transfer if he would 
agree to attempt a flight in the Plexitus 
machine. In July of 248 Be he mounted the 
bolt and was propelled 280 yal-ds into a local 

lDuring the supply operation early in the d evelop
ment of the Plexitus machine, some of the troops 
received their pay in the same way as they did 
their food, attached to the onager bolts. A few 
scholars trace the roots of the word "payload" to 
this event. 



swamp, from which he returned dirty but 
smiling. Exit Idiotus. 

During the fall of 248, the machine was 
refined and experimentation continued. 
Plexitus found that most of the variables 
affecting his machine were products appear
ing in powers of one or more. (This in itself 
is a major accomplishment considering the 
state of instrumentation with which he had 
to contend. For example, humidity was 
found to change the tension of the bow 
string. The only means the Romans had for 
measuring humidity was by counting the 
number of crows made by a cock in the 
early morning. Plexitus apparently ran 
thmugh a lot of chickens in his calibration 
attempts. One of his men complained in a 
letter of all the chicken the men were forced 
to consume. 2 ) Anyone who has ever 
attempted to multiply in Roman numbers 
will appreciate the difficulty of raising a 
numbel' to a power greater than one and 
then finding the product of 28 of them. 

The Roman Abacus 

He finally resolved this difficulty by 
moving over half his legion to a huge space 
which was cleared for this purpose and using 
men as markers in what became a kind of 
huge abacus. Men moved about in position 
upon orders from their squad leaders. Primi
tive, but it worked. 

Unfortunately, the calcu lation took over 

2.Some believe that later Roman soothsayers who 
attempted to predict the future by looking at the 
intestines of freshly slain chickens were attempt
ing to reproduce the actions of Plexitus' com
puter, but were working from garbled, word-of
mouth reports. 

eight days because of its complexity and 
some errors resulted from men in the morn
ing not remembering the positions which 
they had held the night before. Plexitus 
proceeded undaunted and merely repeated 
the calculation and then took an average of 
the different answers which he obtained. 3 

His work was interrupted several times by 
the hillsmen who took unfair advantage of 
his scientific preoccupation by attacking. It 
was during this first retreat that the first 
Plexitus computer was lost to the numerous 
but unappreciative locals. 

Thus Plexitus was the first to use the 
abacus in the West. Unfortunately, it lacked 
portability, requiring over 7000 men and 
34 acres in its operation. However, this is 
not the disadvantage that moderns might 
think since the ancients had plenty of time 
and space. A pre-Christian timeshare facility 
could have developed where Romans could 
have taken their problems to the machine, 

31n standing all day, the legionnaires apparently 
took to shifting from one foot to the other, and 
when not actively moving about, to digging with 
the toes of their sandals in the sand. This was quite 
useful the next morning in determining the 
position the men had held the night before. This 
is the first mention of permanent memory in the 
literature. 
The holes in the calculating field suffered from 
one operational disadvantage. When it rained, the 
holes filled with water and the men had a distaste 
for standing in water, so he would begin the day 
with the complement of the number which the 
field had held at closing time the night before. 
Plexitus outlaw ed the scuffling with the toes 
once he found the reason for his rather curious 
answers. Even good things had their problems. 
Some say that the water was not the reason for 
Plexitus outlawing this practic e , rather it was 
trac ed to a comlnent made by a centurion who 
had a villa near Actium. This individual observed 
that this looked like an efficient way of plowing a 
field and would he do some calculations on his 
land near Actium next spring . 
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much like the Greeks did at Del phi. There 
are even some who suggest th at Pompeii was 
attempting to use one of the Plexitus facil
ities during the late r Roman civil wars; even 
this group is splintered with one faction 
saying that he never got it working. The 
other faction suggests that in fact he did, 
since he lost the batt le and the war to 
Caesar. 

During this time the XIII legion was 
forced to fight for its life, since the experi
ments had weakened the men; an individual 
does not use the same skills standing motion
less in a field all day as he does carrying a 
shield and sword. About the time Plexitus 
had lost half of the province under his 
command, he was finally able to complete a 
second super crossbow. This machine he 
used to launch several groups of men in 
sharp, tight counter attacks behind the lines 
of the enemy. These were quite successful 
and he won this battle. The retreat of the 
enemy resul ted from the complete surprise 
of this airborne tactic; whether these 
Bulgarians were concerned over being 
flanked by legionnaires or were fearful of 
being flattened during their descent is not 
known. It is difficult to obtain information 
concerning the injuri es which his men 
sustained during this airborne operation 
since about this time a series of rebellions 
broke out amid the tradition bound ranks of 
his command. These were unsuccessful, but 
they weakened still more hi s battle strength. 

Plexitus Was an Exponent of 
Calculating With Logs 

Lack of manpower caused by attrition as 
well as commitments required to hold the 
battle lines forced Pl ex itu s to improvi se 
again. He moved from the biological com
puter concept (an exampl e of a kind of 
reverse evolution, but Pl ex itus had distrac
tions) to the physical by evo lving a slide rule 
using two large logs with a flattened face 
apiece. This is an ear-ly example of miniatur
ization since only 40 or so men were 
required to operate it. Thi s freed up many 
individual s for fighting and yet allowed the 
calculations to continue on pred icting 
impact points. Plexitus proceeded with hi s 
work despite distr'actions from outside his 
camp (since the Bulgari ans were act ive agai n) 
as well as those from within. Some say that 
Plexitus could have gone much further 
except for the actions of the men who 
operated his slide rul e. These operatol's 
would, upon the first indication of an a ttack 
by enemy, pick up one of the logs making 
up the calculating device and I'ush to the 
scene of combat and throw it into the 
enemy lines. Some account for this as being 
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the direct result of esprit de corps while 
others blame it on a reactionary attitude of 
those who did the calculations. Although 
normally the second log cou Id be saved by 
quick action on the part of Plexitus, much 
time was lost. There are rumors among some 
scholars of this period who trace the 
battering ram to these acts, but this cannot 
be supported; we only know that Roman 
numerals were not normally carved in them, 
at least not one to a million .4 

The Last Days of Plexitus 

Plexitus, because of overwhelming odds, 
had now lost nearly all of the province 
which he had been sent to manage and was 
now with his back against the sea. He then 
launched his most extensive ail'borne opera
tion aga inst the Bulgarians, firing over half a 
thousand men across the enemy lines, fully 
armed. The effectiveness of this attack 
cannot be determined since those who had 
been air launched, afte r regrouping, rebelled 
and joined the Bulgarians. 

At this point, the Legions XV and XVII 
arrived from across the Adriatic and Pl ex itus 
was recalled in disgrace to Rome. His legion 
was in shambles and the remaining men were 
assigned to other units. Fm the rest of the 
days of the empire, no legion ever agai n used 
that number of Plexitus' command, a 
shadow which extends even to the present 
day. Some say that he attempted to flee, but 
was apprehended only after there had been a 
malfunction in his machine. 5 •6 

Later, he fled Rome and joined the 
Carthaginians and became involved in arming 
a pmtion of their navy. Someone has sug
gested that Plexitus was the most patriotic 
Roman of all since the numerically inferior 
Roman fleet was able to ovel'whelm that of 
the Carthaginians which had been under 
Plexi tus' direct control, a fleet equipped 
with a number of advanced weapons. But no 
one can say. The last mention of him is 
ambiguous. Some say that he was atte mpting 
man-powered flight as opposed to hi s ea l'li el' 
attempts, since the reference is quite definite 
in its description of hi s being covered with 
feathers . Critics say that he had just been 
tarred .-

4Unfortunately Plexitus never stumbled onto 
scientific notation. Multiplying two 5 or 6 digit 
numbers together must have resulted in an 
impressive pile of sawdust. 

50thers say that this was not the case; his 
legionnaires wanted him to attempt to flee - via 
his machine -and h e was stopped by the legate of 
the XV who demanded his surrender. 

6 His contributions were largely forgotten at his 
trial. The only other reference ever made to his 
innovation was about three years after his trial 
when someone suggested that the Plexitus flying 
machine should b e used as a punishment for cases 
not serious enough to warrant crucifixion. 



COMPUTER COMPONENTS 
5848 Sepulveda Blvd ., Van Nuys, CA 91411 (213)-786-7411 

Computer Components is dedicated to serving the needs of the computing community. We offer a 
complete line of computers and computer related products. We will ship anywhere in the world . 
Satisfaction guaranteed . . 

Hours : . 
Tuesday- Friday 
Saturday, Sunday 
CLOSED MONDAY 

10AM to 9PM 
10AM to 6PM 

We are authorized distributors for the following companies: 

Terms: 
Call or write for discounts. We pay 
shipping on UPS orders over $25. All 
others add $2 for postage and 
handling. 

IMSAI· INTELLIGENT SYSTEMS· POLYMORPHIC SYSTEMS· CROMEMCO • TARBELL ·KIM1 • 
TECHNICAL DESIGN LABS· SOLID STATE MUSIC· VECTOR GRAPHICS· RO-CHE SYSTEMS 
• CONTINENTAL SPECIALTIES· VECTOR ELECTRONICS· SAE· TEXAS INSTRUMENTS· SIGNETICS· 
NATIONAL SEMICONDUCTOR· ADVANCED MICRO DEVICES· SAMS BOOKS· HAYDEN· WILEY 
.. . and more on the way. Always ask. 



Anticipation is Half the Fun 

How do yo u make a relat ive ly slow 
memory part run fas t enou gh to keep a 
4 M Hz l-80 processor bu sy most of the 
t im e? I f you use a li ttl e ingenuity such as 
th at found in Crome mco's new 4 K 

THE SLOPPY DISK DRIVE 

thought you wou ld like to know we 
have a co mputer store in Cin cinn ati w i th 
a rath er in terestin g arti cle: a sloppy di sk 
dr ive . 

I assum e it is use d with PPP or N NN 
tra nsis tors, "surprise pak" DIPs, and the 
fa mous Signetics WOM . 

Perh aps so me of you r readers wo ul d 
have other precisio n (106 ppm) uses fo r 
i t. 

Sin ce rely on the loo kou t fo r such 
gems. 

William R Stock 
11 25 Lo is Dr 

Cin cinnat i OH 45237 

Documentation: Th e following clip
ping was found in the Cin cinn ati En
qu i rer, Jan 73 79 77, on page 0-1: 

Make-It-yourself computer kits, books 
and printer and video kits are sold at Digital 
Design, 7696 Camargo Rd . Instructions are 
available on how to put the computer kits to
gether. There Is software, sloppy d1sc drives 
and almost anything the novice or profes
sional would need. The shop Is open from 9 
a. m . - 5 p . m . Mondays-Saturdays or by ap
pointment. 

static programmab le memory card y ou 'll 
empl oy some coordin ation of the 
processor wa it lin c w ith wh at co mputer 
des igners ca ll " address anticipation 
logic." Th e key to this address anti cip a' 
tion st.rategy is to . assu me that in most 
cases the nex t address gene rated to a 
give n bank of memory w ill be th e 
prev ious add ress plu s 1. This is certa inl y 
tru e in programs when exec u t in g co n· 
t iguou s segments of co de betwee n 
jumps; it is likely to be true in many 
data access si tu ations where sequ en tia l 
operat ions such as l in ear sea rches, block 
moves and block 10 transfers reference a 
co ntinguous block of mem ory space . So 
what the Cromemco ca rd does is to 
assume that in any give n 4 K bank of 
memory imp lem ented w ith i ts new 4Kl 
card, th e nex t address w ill always be th e 
old ad dress plus 1. On this assumpti on 
the card starts a memory cycle ahead of 
the ava il ability of th e address f rom the 
processo r using a loca l 12 bit address 
counter. I f i t turn s out that the proc· 
essor ad dress in th e low order 12 bits is 
the sa me as th e antic ipat ed va lue, th en 
there can be immediate access and co m· 
pl etion of th e memory cyc le for the 
2 '1 L02 circuits used in th e board - with 
no processo r wa it states. I f on th e other 
hand the next address is not eq ual to the 
anticipation add ress, a wa i t sta te is ge n· 
erated and the counter is upd ate d w i th 
the new nonseq uent ial low ord er address 
va lu e. I f use d w ith the fast l·80 proc
essor ca rd which Crom em,o also makes, 
there will thu s be a mi x of slow and fast 
cyc les depending upon wheth er or not 
th e nex t low order add ress refe rence to 
the ca rd is one plu s the o ld address. 
When used with a slow 8080 or l-80 at 
2 MHz, no wa it states are eve r ge nera ted 
sin ce the memories are always fas t 
enough. 

The new Cromem co memory ca rd is 
des igned ror con ve nient insta ll ation at 
any 4 K by te memory address bound ary, 
w ith bank ad dress selection via a slide 
switch .mounted on th e board (a bit 
more co nveni ent than using so ld ered 
jumper wires .) Call ed the 4Kl , board, 
thi s prod uct is avai lable in kit fo rm from 
comp uter stores or th e facto ry at $195, 
o r asse mb led fo r $295. Delive ry is 
quoted at f ive da ys after rece ip t of 
orde r. Cro memco is located at 2432 
Char lesto n Rd, Mounta in Vi ew CA 
94043 . -

How to Make the l·80 Slave to a NOV A 

SA l Comsystcms Corp, a sub sidiMY 
of Sci ence App li cat ions In c, 4060 Sor
rento Va ll ey Blvd, San D iego CA 92 '12 1, 
rece ntl y announced the ava il ab ility of a 
fast cross-assembler for the l ilog l-80 
microcomputer chi p that runs on the 
Data Gene ral NOVA and ECLIPSE lin e 
of computers under the RDOS operati ng 
system. This cross-assemb ler was written 
in asse mbl y language for Scientific 
App lications I nc to allow speedy assem
bl y of large, in-hou se, l-80 systems 
programs used in new intelli gent termi · 
nals developed by th e fi rm •• 
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Get Yourself a l-80 Reference Card 

Fred McNeill , Box 6305, Denver CO 
80206, se nd s us a co py of this l-80 
processor refere nce card whi ch he has 
co nstruc ted from the lilog documenta
tion, and is se lling fo r $3 . The card is 
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prin ted on heavy letter size stock w ith a 
fo ld . Th e number base ori entat ion of the 
ca rd is octa l , and th e info rm at ion is 
carri ed in somewhat co nd ensed for m , so 
some mental gy mn astics are requ ired to 
use it. 

I f you use a l·80, y ou may f in d this 
ca rd a handy accessory .-

Where to Get a 3M Drive ... 

Th e National Multi plex Co rpo rat ion , 
3474 Rand A v, Box 288, South Pl ain f ield 
NJ 07080 , is prese nt ly advert isin g an in 
ex pensive 3M dri ve product for til e per· 
sonal comp uting market. Th e drive is ap
prox im ately one fourth th e p rice of new 
drives previously avail ab le, and opera tes 
w ith phase encoded data at ra tes of up 
to 9600 bps. Motor co nt ro l , record and 
pl ay mode are under co ntro l of sof tware 
in your co m puter or a set of switches on 
the devi ce. Th e devi ce inter faces to any 
co mputer wi th a ser ial 10 port. The 
current price of $220 in cl udes elec
tron ics of the phase encoder board 
(acce pt.s clocks at 16 t im es or one times 
the data rate), and mo lor cO l1trol. Ac· 
cord ing to the press release , de li very wi ll 
be four weeks after re ce ipt or orde r. At 
9600 bps, with an 8 ips (20 cm per 
second) tape speed, the 300 feet 
(91.4 meters) of tape on thi s dr ive ca n 
be read or writ te n (assum ing no blOCK 
overhead) in 450 second s (7.5 minutes). 
Multipl y in g 45 0 second s by 9600 bits 
per se co nd and aga in ass uming no for 
matt ing overh ead, the raw bit capac ity 
of thi s dri ve is 4.32 mill io n bits per 
t rack, or a cart ridge ca pac it y or 17.3 mil· 
lion bits on fo ur tracks. Di vid ing 



DIGITAL DATA 
RECORDERS 

USING 3M DATA 
CARTRIDGES 

MODEL 3M3 $199.95 
(Price Increases to $220.00 

effective 1 April 77) 

MODEL 3M3 Featuring the radically new "Uniboard" 

method of construction for data cartridge drives. The major 

computer makers are changing to cartridges at a rapid pace 

because of the freedom from binding and greater data 

reliability. ·Operates in the phase encoded self-clocking 

mode which provides greatly enhanced freedom from speed 

variation problems and allows 100% tape interchangeability 

between units. 

Uses the 3M Data Cartridge, model DC 300. This 

cartridge contains 300 feet of .250 tape in a sealed plastic 
container . . Using four tracks you can record nearly 2 

megabytes of data on a cartridge. 

Specifications: Full software control of record, play, fast 

forward and rewind. LED indicates interrecord gaps. EOT 

and BOT are sensed and automatically shut down recorder. 

Feedback signals send reset and inter-record gap signals 

back to the computer so that software searching for 

inter-record gaps at high speed can be accomplished. Can 

also be operated manually by means of the switches on top 

which parallel the software control signals. 

$199.95 until April 1, 77. $220.00 after April 1, 77. 

Includes Phase Encoder Board (ACI) 

For 8080, 8085 and Z-80 users 
Comes complete with software listing for the programs in 

the 2S10( R) ROMs. Can be controlled by any of the 

commonly used I/ O boards_ Send for complete documenta

tion and interfacing instructions on 3M3 and 
2S1 O( R) ($3.00). These programs provide full software 

control. 

2SIO(R) CONTROLLER $190.00 

2SIO(R) CONTROLLER (Bootstrap Eliminator) 

This is a complete 8080, 8085, or Z80 system controller. 

It provides the terminal I/O (RS232, 20 ma., or TTL) and 

the data cartridge I/O, plus the motor controlling parallel 

I/O latches. One kilobyte of on board ROM provides turn 

on and go control of your Altair or I MSAI. No more 
bootstrapping. Loads and Dumps memory in Hex on the 

terminal, formats tape cartridge files, has word processing 

and paper tape routines. Best of all, it has the search 

routines to locate files and records by means of six, five and 

four letter strings. Just type in the file name and the 

recorder and software do the rest. Can be used in the 

BySync (IBM), BiPhase (Phase Encoded) or NRZ modes 

with suitable recorders and interfaces. 

$190, wi red and tested. - $160 0, Kit form. 

Audio Cassette Interface (ACO This is the phase encoding 

board used in the 3M3. Additional components on the 

board enable you to use audio recorders in the KC standard 

or the new PE 2400 (2400 baud) systems _ Can also be used 

for Tarbell if you have an 8251 Intel I/ O chip. Required if 

you use an audio cassette with the 2S1 O( R) above_ 

$50, wired and tested. - $35, Kit form_ 

For 6800 Users: Software programs and I/O board for 
SWTP are under development. Limited software available 

now_ Ask for 6800 data with $3_00 Documentation 

package. These programs will provide full software control. 

CARTRIDGE AVAILABILITY : Cartridges are made by 

3M, lTC, Wabash and others_ They are available at all 

computer supply houses and . most major computer service 

centers. We can supply them at normal current I ist prices. 

"COMPUTER AID" and "UNIBOARD" are trademarks of the NATIONAL MULTIPLEX CORPORATION . The 3M Data 

Cartridges are covered by 3M Patents and Marks. "UNIBOARD" Patents Pending. 

OVERSEAS : EXPORT VERSION- 220 V - 50 Hz. Write Factory or : megatron, 8011 Putzbrunn, Munchen, Germany; 
Nippon Automation 5-16-7 Shiba, Minato-Ku, Tokyo; Hobby Data, FACK 20012 Malmo, Sweden; G.Ashbee, 
172 Ifield Road, London SW 10-9 AG; The Computer Place, 186 Queen St. W., Toronto, Ontario M5V lZl, 

Canada. 

For U.P .S. delivery, add $3.00. Overseas and air shipments charges collect_ N.J. Residents add 5% Sales Tax _ 

WR ITE or CALL for further information _ Phone Orders on Master Charge and BankAmericard accepted. 

NATIONAL MULTIPLEX CORPORATION 
3474 Rand Avenue, South Plainfield, N.J. 07080, Box 288 Phone (201) 561-3600 TWX 710-997-9530 
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4.32 m ill ion bits per track by the 
3600 in ches per track, the density is 
1200 bits per inch (470 bits per cm) on 
each track. Divid ing 17. 3 mi ll ion bits by 
8 bits per byte, again assuming no ove r
head, the tota l cartridge capacity of the 
drive is 2.16 million bytes. The actual 
figure will be small er due to overhead of 
in terrecord gaps and any software imple-

A 2650 Single Board Co mputer 

Jeff Roloff, whose compa ny is ca ll ed 
Central Data Company (POB 2484 
Stat ion A , Champai gn I L 61820) has 
se nt alon g this picture of a new $3 25 
sin gle board computer whi ch uses th e 
Signet ics 2650 processor. This board 
in cludes an 80 character by 16 line video 
ge nerator (upper case 64 character 
ASCII built-in) with a user program
mable set of 64 cha racte rs (8 by 
8 m atri x) fo r nonstandard character 
sets. A lso on the board are a 300 bps 
Kansas City standard cassette interface, a 
1024 byte PROM monitor program, 

men ted error detect ion and correct ion 
methods used· such as hamm ing codes, 
cyc li c redundancy checks, o r chec ksums. 
However, using 2. 16 mi lli on bytes as an 
order of magnitude, th is cou ld for ex
am pl e ho ld 16,000 names and add resses 
of 133 characters each, 43,000 lines of 
sou rce te xt averaging 50 characters per 
lin e, and so on. Very useful . -

2048 bytes of programmable memory of 
which 768 are avail ab le for programmi ng 
wi th the balance ( 1280 bytes) ded icated 
to the di sp lay, one 8 bi t in put port and 
one 8 bit ou tp ut port. The board co n
tains sockets for an add ition al 3 K of 
PROM programm ing, whi ch can inc lu de 
the firm's ed itor and asse mbl er PROMs 
whi ch cost $2 00 fo r a set. A BAS IC 
package is also ava il ab le on cassette tape 
for $2 0, as is a $2 0 tape versio n of th e 
editor and assemb ler package . To use 
thi s computer, you' ll need to suppl y a 
video monitor (or modified te levision), 
an ASCII keyboard , a power suppl y (5 V 
at 3 A) and probably so me ex tra 
memo ry interfaced using 01 P plug co n
nectors on the board. T he 2650, i tself, is 
one of th e unsung heroes of the micro
processor marketp lace, a rather powerful 
mach in e wi th characte ri stics and address
ing modes we ll worth investigat ing by 
the serious perso nal co mputing 
enthusiast. -

I nterested in COSMAC 
Evaluation Boa rd s? 

RCA Will Fi x You Up with One of 
Th ese Kits for $249 Direct or fro m 
Your Nearest Distributor ... 

This kit or co mponents w ill al low the 
e'ngineer or adva nced homebrewe r to put 
up a CDPI 802 processor. It conta in s a 
printed circuit board, byte in put and 
outpu t ports, a termina l in te r face, sys-

tems software in ROM , and program
mable memory for user p rograms. Th e 
board also features control log ic and 
disp lays to ai d in debugging of programs. 
To comp lete the system, you 'll need a 
power supp ly of 5 Vat 600 mA (o r 10 V 
at 200 m A w ith 5 V at 400 mA ror the 
LED disp lays) and a termina l w ith cur
rent loop (Teletype at 110 to bps) or 
RS-2 32 interface (110 to 1200 bps). 

Th e board contains total or 
256 bytes of programmabl e memory 
using RCA' s CDP 1822 256 by ' I bit 
memory in tegrated circu i ts . Wired , bu t 
not stuffed, are posi ti ons whic h can 
accept 30 addit ion al CDP1822 c ircu its 
fo r a total on board memory of 4 K 
bytes. Th e ROM system mon i tor co nsists 
of 5 '12 by tes conta ined in o ne 5 12 by 
8 b i t CDP1 832 read onl y m emory. Th e 
program features include m emory in
spection and mod i ficat ion, initi at ion of 
user programs, and fu ll interfaces to the 
commu ni cations term in al. The monitor's 
wo rking memory is co ntai ned in a 
32 byte CD P1 824 memory part wh ich is 
separate f rom the user memory. Sin ce 
the who le system is CMOS, power re
qui rements are qu ite low, all owing RCA 
to add the f inesse of ballery backup fo r 
memo ry co ntents. As a m ac hine code 
level test and checkout device, th e 
CDP18S020 board kit has co ntrol s in -

INTERNATIONAL DATA SYSTEMS, INC. 
400 North Washington Street. Suite 200 
Falls Church, Virginia 22046 USA 
Telephone (703) 536-7373 

S100 BUll Cards (ALTAIR/ IMSAI Compallble) 

8B-SPM Clock Modute 

88-UFC Frequency Counter Module 

88-MODEM Originate/Answer MODEM 

GENERAL PURPOSE PERIPHERALS 

MCTK Morse Code Trainer I Keyer 

TSM Temperature Sensing Modute 

DACB Eight Bit Digital to Analog Converter 

Your computer keeps time of day regardless of what program it is 
executing. Applications include event logging. data entry. ham 
rad io. etc. 

Measure frequencies up to 600 MHz. Computer can monitor 
multiple Irequencies such as transmit and receive frequency. 

Use your computer to ca ll other computer systems such as large 
timesharing syslems. Also allows other computer terminals to 
"dial-up" your computer. 

Hardware/Soflware package which allows your computer to teach 
Morse Code. key your transmiller. and send prestored messages. 

Use it to measure inside and / or outside temperature for comput
erized climate control systems. etc. 

Requires one eight bit outpu t porI. Use it to produce computer 
music. 

KIT PRICE 

$96.00 

$149.00 

$199.00 

$29.00 

$24.00 

$19.00 

Tenns: Payment with order. Shipment prepaid. Delivery Is stock to 30 days. Write or call for detailed product brochures. 
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BABY!l A COMPLETE AND FLEXIBLE 

~ 

MICROCOMPUTE'R SYSTEM 
LIGHT AND SMALL: BABY! 1 weighs less than 10 
pounds, is 14.75 inches wide, 10.625 inches deep and 
3.625 inches high. Its attache case is slightly larger, 
leaving room for the powercord, video and cassette 
cables, cassette tapes, recorder, and paperwork . 
POWERFUL MICROPROCESSOR: The 6502 processor 
has 13 addressing modes and 56 instructions. A single 
bus structure, engineered for high reliability and ease of 
use, gives it excellent versatility, expandability, and 
flexibility. 
EASY PROGRAM DEVELOPMENT: Firmware (soft
ware in ROM) lets you enter and debug your programs 
through the keyboard and list them on the video 
monitor; lets you dump it to an audio cassette at 1200 
baud for future use and exchange with other systems. 
COMPLETE MONITOR IN FIRMWARE: No time-con
sumin"g loading of the monitor is required. Firmware 
control s the unit completely. Turn on the unit and its 
firmware will run the system until you enter a new 
program in RAM or plug in up to four other ROMS or 
PROMS. It controls the keyboard, video, and tape 
interfaces. 
ULTRA RELIABLE KEYBOARD ENTRY: The unique 
keyboard with its 62 keys features ultra reliable solid 
state "No Switch" switch ing (no moving contacts) , 
N-key rollover, tactile feel with a clicking sound when a 
key is depressed . Its MTBF (Mean Time Between 
Failures) is at least six years of continuous use, at least 
twice the life of an electromechanical keyboard. 
HIGH-SPEED AND FLEXIBLE TAPE INTERFACE: 
The advanced 1200 baud cassette tape interface is under 
monitor control. You can write a program to simulate 
other speeds, techniques, and formats . Now you can 
read or write tapes for exchange on other systems! Any 
cassette recorder can be used. Two sets of cables are 
supplied, one for standard, the other for reverse polarity 
recorders. The system program provides a two to one 
ratio between ones and zeros, and loads at 1200 baud 
4K bytes in less than 90 seconds. 
INDUSTRY COMPATIBLE VIDEO OUTPUT: The 
video signal is EIA compatible 1 volt peak to peak. The 
flicke r free DMA (Direct Memory Access) design 
displays 7 by 9 dot characters in 32 columns and 16 
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lines. Any page of memory may be displayed and edited. 
The 128 character set includes UPPE R and lower case 
letters, and lower case 'YPEEK. Four additional special 
characters control the DMA functions to hide or flash 
your message or to obtain 100 percent processor time . 
EXPANDABLE RANDOM ACCESS MEMORY: Uti
lizing at least 4K bytes of the low power consumption 
and high-speed 2102 type chips, an additional 8K or 4K 
plus an expansion card can be added inside the system. 
The expansion card has two 50 pin connectors to enlarge 
the system. 
MODULAR EXPANSION: With the expansion card, you 
may add up to 60K bytes of memory or connect and 
control any peripheral of your choice through the 
buffered bus, and through the four bidirectional 
interrupt driven parallel ports, the RS232 serial port, 
and the 20m A loop serial port. Connect printers, 
typewriters, tape drives, disks, floppy disks, additional 
processors, your railroad, or whatever else you may 
need. 
COMPLETELY ASSEMBLED, TESTED, AND BURN
ED IN for 168 hours at high operating temperatures. 
FULLY WARRANTED for 90 days on parts and labor. 
MAINTENANCE CONTRACT available at the end of 
the warranty period on a yearly basis for your BABY! 1 
at a cost of less than 20 cents a day. 
COMPLETE SOFTWARE SUPPLIED: A monitor stored 
in 1 K ROM, and programs stored on a cassette include 
TINY BASIC, music, shooting stars, and a version of the 
powerful TECO ™ text editor of Digital Equipment 
Corporation, and more. 

TECO is a trademark of the Digital Equipment Corporation. 

sTM Systems Inc. 
Specialists in Technology for Microprocessors 

P.O . BOX 248 
MONT VERNON, N.H'. 03057 

603-673-2581 
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inpef60njd 
coml)utmg 

books! 
See for yourseH the reasons urhy: 

1. MICROPROCESSORS: New Directions 9. MINICOMPUTERS: Structure and 
for Designers by Edward A. Torrero, #5777-6, paper, 
1975,144 pp., 8 Y2 x 11 , illus., $10.95. 

. 2. GAME PLAYING WITH COMPUTERS 
Rev. 2nd Ed. , by Donald D. Spencer, #5103-4. cloth , 1976, 
320 pp. , 6 x 9, illus. $16.95. 

3. FUNDAMENTALS AND APPLICATIONS 
OF DIGITAL LOGIC CIRCUITS by Sol Libes, 
#5505-6, paper, ($6.95), #5506-4, cloth, ($995), 1975, 192 
pp. , 6 x 9, illus. 

4. COMPUTERS IN ACTION: How 
Computers Work by Donald D. Spencer, #5861-6, 
paper, 1974, 160 pp. , 6 x 9, illus. , $5.50. 

5. COMPUTERS IN SOCIETY: The 
Wheres, Whys and Hows of Computer 
Use by Donald D. Spencer, #5915-9 , paper, ($5.50), 
#5916-7, cloth, ($750) , 1974,208 pp., 6 x 9, ill us. 

Programming, by T.G. Lewis and J.w. Doerr, 
#5642-7, cloth, 1976,288 pp. , 6 x 9, illus. , $12.95 . 

10. PATTERN RECOGNITION by 
M. Bongard, #9165, cloth, 1970, 256 pp. , 
6 x 9 iIlus. , $14.90. 

11. DIGITAL SIGNAL ANALYSIS by 
Samuel D. Steams, #5828-4, cloth, 1975,288 pp., 6 x 9, 
ill us , $19.95. 

12. BASIC BASIC: An Introduction to 
Computer Programming in BASIC 
LANGUAGE by James S. Coan, #5872-1 , paper, 
($7.95) , #5873-X, cloth , ($9.95), 1970, 256 pp. , 6 x 9, illus. 

13. ADVANCED BASIC: Applications 
and Problems, by James S. Coan, #5856-X, cloth , 
($8.95), #5855-1, paper, ($6.95),1976, 192 pp. , 6 x 9, illus. 

14. FORTRAN FUNDAMENTALS: A 
Short Course by Jack Steingraber, #5860-8, paper, 

6. PROGRAMMING PROVERBS by Henry F. 1975,96 pp. , 6 x 9, illus , $4.95. 
Ledgard, #5522-6, paper, 1975, 144 pp., 6 x 9, illus, $6.50. 

7. PROGRAMMING PROVERBS FOR 
FORTRAN PROGRAMMERS by Henry F. 
Ledgard, #5820-9, paper, 1975, 144 pp. , 6 x 9, illus., $6.50. 

15. DIGITAL TROUBLESHOOTING: 
Practical Digital Theory and Trouble
shooting Tips by Richard E. Gasperini, #5708-3. 
paper, 1976, 180 pp., 8 1/2 x 11 , illus. , $9.95. 

8. COBOL WITH STYLE: Programming 16. DIGITAL EXPERIMENTS by 

Proverbs by Louis J. Chmura, Jr., and Henry F. Ledgard, Richard E. Gasperini, #5713-X, paper, 1976. 192 pp. , 
#5781-4, paper, 1976, 144 pp., 6 x 9, ill us. $5.45. 8Y2 x 11, illus. , $8.95. 

Write for IS-day examination copies of any of these books! 
At the end of 15 days, please remit payment 
plus postage and handling, or return the 
books and owe nothing. Prices subject to 
change without notice. If payment 

accompanies order, we pay postage and 
handling. Outside USA, cash must 
accompany order - include $2.00 per book 
for shipping and handling. 

Hayden Book Company, Inc. 
50 Essex Street, Rochelle Park, New Jersey 07662 

phone: (201) 843-0550 



cludin g a RESET button to ini tiali ze th e 
syste m, co n ti nu ous or si ngle step ope ra
tion , and d isp lays of var ious in fo rm ation 
in LED dev ices. A prototyping area 
measur in g 6 by 4 inches (15 by 10 cm) 
al lows the use r to adap t thi s sys tem on a 
custom basis. 

RCA So li d State is lo cated at Route 
202, Somerv ill e NJ 08876, and as noted 
above, thi s k i t is ava il ab le for $249 
direct or f rom yo ur nea res t RCA dis
tributor . I t 's probab ly one of the bes t 
ways to take advantage of the 1802 
instruct ion arch i tecture in a homebrew 
compute r project. -

Some Information on Refreshi ng 
Dynamic Memories Is Available 
from Texas Instruments 

Texas Instrume nts has published a 12 
page app li cat ion summ ary bulletin en
tit led Introduction to Refreshing TI 4 K 
Dynamic RAMs. Bul let in MOSA3 intro 
duces refresh princip les and th eir imple
mentation. I t also compa res static and 
dynamic RAM s in terms of speed, power 
consump tion , refresh req uirements, re la
t ive cos ts and power supp ly require
ments. Var ious ki nds of si mpl e refresh 
circui try are outli ned and bl ock d ia
grammed, in cluding t ransparent, cyc le 
stea l and burst methods. Hacke rs and 
homebrewers look in g for engin eer in g in
formation on use of dynamic memories 
shou ld wr ite to Texas In struments In c, 
Inquiry A nswe ring Service, PO B 5012, 
MIS 308, Da l las TX 75222 . Attention: 
Bulletin MOSA3 Litera ture.-

Don Tarbe ll 's New Prototyping Board . . . 

Here is ye t another produ ct for the 
Altair bu s. Don T arbel l , T arbell Elec
troni cs, 144 Mi r a l e~te Dr # 106, Miraleste 
CA 90732, has just announced this new 
prolOt yping board for use w i th A l tair 
and compa tible compute rs such as the 
IMSA I 8080, So l, Poly 88, etc. T he 
board is designed w i th interl eaved power 
and grou nd for th e stand ard logic vo l· 
tages, and has a position fo r a 5 V 
regu lator (lower right side of th e photo). 
Th e board is int ende d for use with point 
10 point solder co nn ect ions, w irewrap, 
or any combinatio n. T he board w ill 
accept 33 14 pin integ rated socke ts, or 
small er cou nts of '16 , 18, 24 an d 40 pin 
sockets plu gged into its pattern of pre
drilled holes. Th e pri ce is $ 28 per 
board. -
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TERMINAL SYSTEMS DIVISION - DAYTON 
DAYTON , OHIO 

Come and join Terminal Systems Division - Dayton . Our 
Engineering Staff is a leader in the design and 
implementation of Financial Terminal Systems. We have 
much to offer you - a career opportunity , a quality 
environment in which to work and live, and exceptional 
personal benefits . Dayton , Ohio is a progress ive 
midwestern area , small enough to be friendly but large 
eno ugh to offer outstanding communities with excellent 
housing, educational faciliti es, and cultural activities. 

PROGRAMMER /SYSTEMS ANALYST 
Knowledge in the area of microprocessors and 
minicomputers based on realtime operating systems . 

Participate in the design and implementation of mini and 
micro based realtime operating systems in a distri butive 
network. 

SOFTW ARE SYSTEMS DESIGN 

Provide tech n ica l expertise and leadersh ip in the areas of 
realtime terminal control and batch operating systems . 

Analysts for sta te-of-the-art design in terminal operating 
systems and to prov ide technical leadership in software 
arc hitecture . 

SYSTEMS ENGINEERS 
Requires the development of concepts and spec ifi cations 
for new systems for fi nanc ial terminal systems. 

Requires the ab ility to analyze and participate in 
hardware and software development programs. 

Basic educational qualifications for these posi
tions are a BS or MS in EE, CS or Math and 2 to 
7 years experience. 

Join our winning team. Submit your resume and 
salary requirements to: 

Robert L. Opalek 
Employment Department 
Terminal Systems Division-Dayton 
NC R Corporation 
Dayton , Ohio 45479 

An Equal Opportunity Employer 



synchro-sound enterprises 
"THE COMPUTER PEOPLE" 

"IN STOCK" 
NEW LEAR SIEGLER ADM - 3A KIT 

FULL ADDRESSABLE CURSOR 

CHARACTER GENERATION 
5 x 7 dot matrix. 
DISPLAY FORMAT 
Standard: 1920 characters, displayed in 24 lines of 
80 characters per line. 
CHARACTER SET 
Standard: 64 ASCII characters, displayed as upper 
case, plus punctuation and control. 
COMMUNICATIONS RATES 
75, 110, 150, 300, 600, 1200, 1800, 2400, 4800, 
9600,19,200 baud (switch selectable). 

IMSAI 8080 MICROCOMPUTER 
POWERFUL. EASY TO USE. LOW COST 

$619.95/22 SLOT MOTHER BOARD 
849.95/WITH Z-80 CPU 

COMPUTER INTERFACES 
EIA standard RS232C and 20 mA current-loop 
(switch selectable). 
DATA ENTRY 
New data enters on bottom I ine of screen; I ine feed 
causes upward scrolling of entire display with 
top-of-page overflow. Automatic new line switch 
selectable, end-of-line audible tone. 

ADM-3A KIT ..................... $ 895.00 
ADM-3A ASSEMBLED ............. 1099.95 
LOWER CASE OPTION ................ 89.00 

FOLLOWING ITEMS IN STOCK TDL, OAE, 
PROCESSOR TECH., SWTP, APPLE, HAYDEN, 
TARBELL, IMSAI, LEAR SIEGLER, OKIDATA, 
DEC, JAVELIN, TELETYPE ASR-33, TRW. 

SPECIAL 9" JAVELIN HIGH RESOLUTION 
VIDEO MONITOR .................. $159.95 



DECwriter II 

($1099.00) 
OKIDATA MODEL 110 
110 CPS DOT MATRIX LINE PRINTER 
FRICTION FEED * $1099.00 
TRACTOR FEED 1229.00 
RS 232C SERIAL INTERFACE 250.00 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

~ ~ 

: MOST ITEMS IN STOCK FOR SAME DAY ~ 
~ SHIPPING. FULL MODERN REPAIR FA- ~ 
~ CILITIES ON PREMISES-WE SERVICE ~ 
~ WHAT WE SELL. ~ 
~ ~ 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

synchro-sound enterprises 

193-25 J am aica Av e. , J am aica, NY 11 423 
Phone (212)468-7067 

HOURS 9 - 4 DAI LY + SATURDAY 
BANKAMERICARD MASTER CHARGE 

VISIT OUR NEW SHOWROOM 
WORKING UNITS ON DISPLAY 

Features 
$1769.95 

132 column printing 
30 CPS 
Full Keyboard 
Tractor Feed 

NEW COMMERCIAL QUALITY KEYBOARD 

The Model SS-1 Communications Terminal is a 
non-contact capacitive keyboard with a guaranteed 
life of over 100,000,000 operations. 
FEATURES 
• MOS/LSI Encoder with high reliability and low 

power consumption 
• n Key RollOver which eliminates operator error 

and increases thruput 
• Hysteresis for tease proof operation 
• Solid State performance at mechanical switch 

prices 
• Tactile Feedback at the operate point 
• ASR-33 Array with four mode encoding 

KEYBOARD KIT ..... . ............. $ 79.95 
ENCLOSURE ........ . . . ............. 39.95 

(WITH NUMERIC CUTOUT) 
NUMERIC PAD . . . .. . .. . ... . .. .. .. . 
COMPLETE KIT (with pad) . . . ... .... . 
ASSEMBLED UNIT (with pad) . . .. . . . . 

29.95 
139.95 
189.95 



101 BASIC Computer Games edited by 
David H Ahl, Creative Computing, Morris
town NJ 07960, 248 pages softbound. $ 7. 50 
plus postage. 

707 BASIC Computer Games, edited by 
David H Ahl, is not only the first collection 
of ga mes a ll in BASIC, but a uniquely 
educational book which provides both a 
complete li st ing and description of every 
game along with a sa mple pr'ogram for each. 

As Ahl points out in his book, educators 
generally agree that games are highly motiva
tional and promote lea rning by discovery. 
What better' way is th ere to learn about 
Newton's seco nd law than by simulating an 
Apo ll o lunar landing in ROCKET? Or to 
learn about logic by pl ay ing BAGLES? You 
can even increase your vocabulary while 
playing SYNONM or improve yo ur writing 
ski ll s in BUZZWD by learning how to 
compose computer speeches with the latest 
buzzwords. 

For those interested in more exo tic 
games, there's CHEMST, in which the player 
tries to dilute the fictitious kryptocyanic 
acid; CHOMP, which involves eating a cookie 
while trying to avoid the poison piece; and 
HELLO, in which the computer dispenses 
advice on such problems as sex, health, 
money or a job. 

Computer enthusiasts with a sense of 
humor will find many entertaining games in 
the book with such challenging objectives as 
delivering pizzas successfully, PIZZA; doing 
a silly profile plot of an ugly woman, UGLY; 
and finding the happy hurkl e beast hiding in 
a 10 by 10 matrix, HURKLE. 

The names alone of many of the games 
are intriguing enough to invite further inves
tigation . FIPFOP, SPLAT and ZOOP are 
sure to send hobbyists running to their 
computers. F I PFOP is a so l itaire logic game 
dealing with changing a row of Xs to Os. 
SPLAT involves opening a parachute at the 
last possible moment. ZOOP, otherwise 
known as the BASIC programmer's night
mare, is designed to imitate the system 
commands of a BASIC compi ler, except that 
it gives totally meaningless and frustrat ing 
resu Its. 
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Ahl spent considerable time col lec ting 
this potpourri of games on his travels to 
various schools as well as from subm ittals in 
response to an advertisement. Game authors 
range from seventh graders in Ca liforn ia to 
PhDs in England. 

The games run the gamut from extremely 
simp le to more comp lex; but most require 
no special knowledge. To so lve the ga me 
categor ization dilemma, Ahl has simply 
li sted the games in alph abetica l order. But in 
the appendices, he has outlined some fam il y 
groupings, such as logic, plotting and matrix 
games. 

A BASIC speaking computer is the on ly 
equipment needed to play any of the games. 
However, Ahl suggests that a grid or 
quadrille paper be used to play four of the 
matrix games and that one of the supp le
mental diagrams includ ed in the appendices 
be used when playing QUBIC, a game of tic 
tac toe in a 4 by 4 by 4 cube. Most of the 
games also run in standard BASIC with any 
exceptions noted under the game title. 

Due to the addictive nature of the games, 
computer enthusiasts shou ld be reminded 
not to skip meals or sleeping in favor of 
playing ANIMAL or FOOTBL. 

707 BASIC Computer Games is avai lab le 
in a 248 page softbound edition for $7.50 
plus $.75 postage from Creative Computing, 
POB 789-M, Morristown NJ 07960, and 
from BITS Inc. 

Linda Blocki 
1706 Silver SE, Apt 27 

Albuquerque NM 87106-

TV Typewriter Cookbook by Don Lan
caster. Howard W Sams & Co, Indianapolis 
IN 46268, 7976. $9.95. 

Don Lancaster's TV Type writer Coo!?
boo!? provides comprehensive coverage, not 
only of the problems of generating character 
displays on a home TV set, but of a 
host of related topics as well - memories, 
keyboards, cassette recording meth ods, 
modems, and hard copy devices. His book is 
one of the most va lu ab le yet to appear for 
the electronics and computer hobbyist. 



BATTERIES NOT INCLUDED 

.Gold plated edge contacts 

KIT 
$37.50 

ASSEMBLED 
$47.50 

-----------Let me get the best .. , Please send the following 

O . 0 KIT 52 95 .00 0 0 KIT 537 .50 
8 KSC 500ns WWC 

" I 
o ASSMB'LO 5349 .00 0 AS SMB'LO 547 .50 

O 0 KIT 5295 .00 0 S 0 KIT 555 .00 
8 KSC-Z 250ns SUC o ASSMB'LO 5349 .00 0 ASSMB'LD 56800 

O 0 0 ALTAIR® 59 .00 
EXT Ext,ender card $29.00 100 pin edge conn 0 IMSAI® 59 .00 

o ASSEMBLY & OPERATING MANUAL $4 .00 

NAME ____________ ~~~~~~~-----------------
PLEASE PRINT OR TYPE 

ADDRESS __________________________________________ __ 

CITY _____________________ STATE _________ ZIP ______ _ 

SEND CHECK· MONEY ORDER· COD'S ACCEPTED· CREDIT CARDS 

I 
I 
I 
I 
I 

SEALS ELECTRONICS. INC 
P.O. BOX 11651 

!!!! LilIlHLLLrLLU··LLu I 
- ~;.!':,:·.I I IW 

(OU .cccu .. ' " u",.u •• 0 .. _OU I ... u n , ....... , I 
KNOXVILLE, TN 37919 i'r.~1 I I I I I I I I I I I I I I I 
MOST ORDERS SHIPPED WITHIN 10 WORKING DAYS ' ~~~;:~::: . UllJ ~;"':,:'. W W 

We are proud to announce that you can order your. 8 KSC-Z with 
250ns memory at the same-yes SAME-price as our 5OOns"memory. 

. KIT ASSEMBLED 
BKSC 
BKSC-Z .. 
EXT extender card 
100 pin edge oorin. [Altair® 1 
100 pin ellge conn. [lMSAI® r 
Assembly & Operating Manual 

$295.00 $349.00 
$295.00 ~349,00 ' 
$ 29.00. $ 38.00 

$9.00 
$9.00. 
$4.00 

.BBUC [BATIERY BACK UP BOARD) 
• Automatic battery qharging circuit 
• Selectable standby voltage outputs 
• Will bold up to 12 '''C'' cell Ni-cad batteries. As much as ,·2 Amper hr.s 
• The BBUC comes selected for 2.5 volts standby to pin #14 on the S-1oo 

buss structure, to pawer uli1the 8 KSC memory . ., 
, Can be wired 'to back up anYlllemory card wl1ich has .. batt~ry .. ~tandby 

. : capability. Even TWO polariti~~ 'at one time ' . .,.)1!" • 

• Eliminate cluge wires on to of.memory 

KIT - $55.00 ASSEMBLED - $68.00 ASSEMBLY & OPERATING MAN.lJAL - $ 4.00 

WWC [WIRE WRAP CARD) 
• Accepts ALL Ie wire wrap sockets 40.22. 16. 14. etc . 
• 3 voltage regulators: +12v.,;:- 12v, +5v 
.3 separate input capacitors 100 ufd 
.14' .1 ufd decoupling capacitprs"'" 

'IiSEfllSII' 
ELECTRONICS,INC. 

TELEPHONE # 615 / 693-8655 



TU 
TYPEWRITER 

COOKBOOK 
bY OOH l~HCASIU 

Some of the chapters in this book appeared 
as artic les in the ear li est issues of BYTE 
(September 1975 - January 1976, March 
1976), and several of them won awards in 
our BOMB (BYTE's Ongoing Monitor Box) 
contest. If you've been look in g at some of 
the TV i'nterface products on the market and 
have wondered how they wOI'k; or if you'd 
like to know more about programmable read 
onl y memories, UARTs, keyboard encoders, 
bus transceivers and other fancy ICs, this is 
the book for you. 

Don is one of the few writers who not 
on ly presents circuits, but exp lains what's 
really going on in them, and what design 
alternat ives ex ist. The book starts with 
basics, like how TV scanning works, and 
how data is represented in the ASCII, 
Baudot and Selectric codes. Successive chap
ters descri be memories (both random access 
and read only) and buses; timing, sync 
signals and composite video for display 
generation; and cursor and update circui ts. 
Next Don digresses for two va lu ab le chapters 
to dea l with keyboards and encoders, ser ial 
data hand ling; UARTs, cassette recording, 
modems, and te lephone characteristics. Then 
his attention returns to the main TV type
writer problem as he describes methods for 
interfac ing to the TV itself (both direct 
video and RF entry), co lor techniques, and 
graphic s. The book concludes with a discus
sion of hardcopy alternatives, including 
some usefu l, if sketchy, information on the 
possibility of converting a Selectric type
wri ter for computer use. 

This book has been out for some time, 
and should be avai lab le through many book
stores and reta il computer outlets (also 
through BITS). Many of our readel's may 
already have this book. Those who haven't 
seen it would do well to check it out. 

Software Tools by Brian W Kernighan and P 
j Plauger, Addison- Wesley Publishing, 
Reading MA 07867, 7976. $8.95. 

This book could be the jumping off point 
for creation of a great dea l of useful soft
ware for personal computers. Its great 
strength is that it contains we ll writte n, 
thoroughly documented, tested and working 
programs for many of the most desired 
home computer app li ca.tions: a very power
ful text editor, a text formatter for docu
ment preparation, a macro processor, and a 
SNOBOL like string pattern matching pro
gram. Also included are general purpose 
sorting programs, a fil e management pack
age, and a variety of useful utility routines. 

The purpose of this book, which was 
written by the authors of the highly I'ecom-
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mended Elements of Programming Style (see 
BYTE volume 1 number 1), is to teach 
good programming practice by presenting a 
series of practical programs, each of which 
provides lessons in program design' and 
impl ementation. All of the programs Me 
genel'al purpose tools which Me used by the 
authors in their evel'yday work; in fact, 
many of them were used to help prepare the 
text of this book. The programs form a 
comprehensive set wh ich is designed to be as 
easy as possible to use. The code is inter
leaved with exp lanatory text which de
scribes, not on ly how each program works, 
but why it was designed and implemented 
that way. 

The program~ are wr itten in a structured 
version of FORTRAN, call ed RATFOR (for 
"rational FORTRAN"). RATFOR simp ly 
provides control structures such as nested 
IFs and WHILE-DO and REPEAT-UNTIL 
loop ing constructs .. The remaining state
ments utilize a subset of ANSI FORTRAN 
features that should be fou nd in nearly all 
FORTRAN implementations. The last chap
ter of Software Tools presents, nat
urally enough, a RATFOR-to-FORTRAN 
translator. 

Thel'e are two ways to use this book to 
develop software for personal computers: 
First, the RA TFO R source code cou Id be 
hand translated to the assembly language of 
one or more of the popular micropmcessors. 
This wou ld be a lot less work than des ign ing 
such too ls from scratch, and should make 
debugging a far less formidable job. Second, 
a "Tiny FORTRAN" compi ler or interpreter 
could be developed which would make it 
possible to mechanically translate or inter
pret the programs on a very smal l machine. 
Only the subset of FORTRAN required by 
RATFOR wou ld have to be implemented. 
The on ly drawback to this approach is that 
some of the programs presume the existence 
of a "nice" operati ng system (the authors 
use UNIX on the PDP-l1), which is sadly 
lack ing on most existing personal computers. 

To as.sist in the second approach, the 
RATFOR source programs in machine read
ab le fOI'm can be obtained from the pub
li sher. Write to Li nda Banks, c/o Addison
Wesley Publishing Company, Reading MA 
01867, (617) 944-3700. The cost is just $25 
plus $1.67 postage fo r an I BM/360 com
patible 9 track, 800 bpi, odd parity, 
EBCDIC coded magnetic tape . We'd like to 
hear from all the system hackers out there 
who pursue th is approach. 

Daniel Fylstra 

Hamilton Hall C-23 

Harvard Business School 

Boston MA 02163-





Why Aren't There 'Any Altairs 

As in all prophecy, only 
the correct predictions are 
remembered, and even 
those aren't outstandingly 
accurate ... compare the 
actual nature of the first 
moon flights with the 
predictions. 

on Arcturus II? 

Henrv Melton 
7307 E Riverside Dr 
Lot #13 
Austin TX 78741 

I have been wr iting science fiction for 
some time now, and I've been reading it 
forever, so it doesn't str ike me as being very 
odd that I'm now into computers. If you 
mention your computer to a friend, you're 
likely to get a HAL joke back. It's an 
automatic assoc iat ion: Computel's and 
science fiction just seem to go togeth el'. It's 
logical too. For as long as I can remember, 
the science fiction sto l'ies I read had ideas. 
Spaceflight, nucl ear power, robots and a 
hundred other mal'vels were accepted fea
tures of those adventures. A good science 
fiction yarn would drag me off to so me 
strange time and place whel'e there would be 
far too much going on for me to ponder over 
the particular space dl' ive involved, or to 
puzzle about the program that might be 
running beneath the robot's polished sku ll. 
But when I got bac k to Earth, how things 
had changed. So many marvels seemed so 
possible in what had been such a drab 
mundane world. 

Well, the moonflights and the nuclear 
power plants and the Viking Lander robots 
happened. Everyone speaks of today as 
being a science fiction world. And, in a 
sense, the wonders of today were spel led out 
years ago in the books and magazines of 
science fiction. Science f iction writers are 
treated as modern day prophets and peop le 
expect them to have a handl e on the future. 

In another sense, however, a closer look 
at some of these pred ictions shows a less 
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flattering picture. Only th e cmrect pl'edic
tions are remembered, and even those 
weren't outstandingly accurate . Nobody pl'e
dicted such a comp li cated first moon flight, 
with command modul es and mbiring stages, 
descent and ascent staged landers. Few 
stories gave the first moonship an onboard 
computer. None included te levision cameras. 

But no one worries too much about that. 
After al l, one person sitting at a typewriter 
can't really compete with a team of engi
neel's in working out the best way to put a 
man on the moon. A science fiction writel' 
isn't a true prophet; all he or she can do is 
choose a possible future to write about. Just 
as the human race, by its actions, chooses a 
possible future in which to live. If a writer 
knows humans we ll enough, he/she can 
second guess the race and look like a pretty 
fair prophet. Such is the way of th e game. 

Looking back at the hundred mi lli on 
words of sc ience fiction I have read to date, 
I think I have gotten a good return . Future 
shock holds no terror for science fiction 
readers. No new tech nological marvel can 
sneak up and go boo. The science fiction 
reader has seen it all befol'e . 

Or, rather, almost al l of it. 
There does seem to be a big bl ac k gap in 

th is flood of prophecy. The sc ience fiction 
reader who is familiar with the common 
picture of a computer as portrayed in 
science fiction is due for a big shock when 
he/she runs up against the powerful littl'C 
critter ca ll ed a microprocessor. It 's here, 
now, with a potential to open up society to 
private initiative in a manner almost unprec
edented, and ncbody wrote a story predict
ing it. 



That is fri ghtening in itse lf. Wh at is wro ng 
with sc ience fic tion that something so tech
nologica l as a revo lutio n in compu te rs could 
go unheralded? Are science fi cti on writers 
los ing the ir touch? Is techn ology developing 
too fas t for them to keep up ? 

An ovel·v iew of mod ern sc ience fictio n, 
however, ind ica tes that thi s ga p see ms to be 
a strange , loca li zed thing. In other areas of 
human kno wl edge, sc ience fi cti on is st ill 
rid ing hi gh on the far edge of the barely 
poss i bl e. I nterste ll ar ramjets, ga lacti c core 
ex plosions, Kerr bl ac k ho les, ge ne grafting, 
just about any co njecture of phys ics, cos
mology, biology or wh atever, is likely to be 
found in a modern science fi ction story. 

Particul arl y in phys ics, some stori es have 
co me out in the sc ience f iction magaz in es 
before the original resea rch on wh ich th ey 
were based has even made it to the profes
sional journals. Science f icti on ca n still make 
its cl aim to be the literature of ideas. 

But, Al fred Beste r 's exce ll ent novel, The 
Computer Connection, has a roo m sized 
mal evo lent co mputer try ing to take over the 
world . Roger Ze laz ny's "H o me Is The 
Hangman," whi ch has just won the Hugo 
award fo r the bes t sc ience fiction nove ll a of 
1975, has the main charac ter hunting do wn 
a possibl y murdero us robo t, before the 
I"Ob ot ca n f ind hi s crea tors. Isaac Asimov's 
"The Bicentennial Man" follows a robot, 
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Future shock holds no 
terror for science fiction 
readers. 



Yet, this gap in the literature is a small one ... sci
ence fiction can still make its claim to be the 
literature of ideas when it talks about the social 
implications of black holes, the people dynamics of a 
runaway relativistic acceleration in an interstellar 
ramjet, or what to do about a murderous robot. 

If a writer knows humans 
well enough, he/she can 
second guess the human 
race and look like a pretty 
fair prophet . Such is the 
way of the game. 

The personal computer is 
here now, with a potential 
to open up society to pri
vate initiative in a manner 
almost unprecedented in 
history, and nobody wrote 
a story predicting it . Are 
science fiction writers 
losing their crystal balls? 

originally designed to be a butler, in his life
long quest to become a human being. 

Now, these are good stories, so me of the 
best of the past couple of yea rs. Bu t the 
computers and robots in them are no more 
sophisticated than those in sc ience fiction 
stories of twenty years ago, 

Science fiction has had its stereotypes, 
The two computer types co nstantly used are 
eith er the huge device, something that would 
have been a good university computer back 
in the sixti es, excep t fOI' its disconcerting 
tendency to chuckl e ev illy when no one is 
looking, and the robot. The robot, more
over, usually has some kind of magica l (ie: 
Asimov's pos itronic) brai n that is I'ea lly 
nothing more than technological hand wavi ng 
on the author's part to let him have a hum an 
brain sized computer inside a human looking 
mbot body , 

The real shame is that these stereoty pes 
haven't changed in the twenty years th at 
they have been used, A readel' of BYTE can 
sit down with one of today's sc ience fiction 
books and rest h is/ her read ing ar m on top 
of a logi c mac hine consid erably more so phi s
ticated than anything he/she is likely to en
countel' in the pages of the book, It is a 
shame, if for no other reason than some 
otherwise good stories are go ing to be un
palatabl e to a lo t of personal co mputer 
ownel'S, This mental gap in science fiction 
writing really shows up in so me pl aces, 
Can you im agin e what Spock would have 
done if there had been a microprocessor 
in his tricorder as there should have been? 

The mOI'e one thinks abo ut it, the clea rer 
it becomes that sc ience fiction writers are 
really behind schedu le when it comes to 
computers; actually behind the times, when 
th ey should be well ahead, It is a blank spot 
in science fiction, and it has been there for 
years, It might have stayed blank for many 
more years if it had n' t been for the inven
tion of the minopmcessor , The on ly people 
who can notice that blank spot al'e those 
who know better, In other words, only you 
and I and the peop le we tal k to, 

But there are signs that th e writel's are 
waking up , I think the pocket calcu lators 
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caught us all off guard, Poofl There it was, a 
gadget with major socio logical implicat ions 
in eve rybody's pocket , and nobody had 
really predicted it. I can remember onl y .o ne 
o ld stOl"Y th at used pocket ca lcu lato rs, and 
even then, they were finely mach ined, 
motor ized slide rules, The story was good, 
though, It ex plored what a wOl"ld would be 
like if everybody had forgotten that math 
cou ld be done in one's head, If the stol'y had 
come out only five yeal's ago, it would have 
been hai led as a prime example of the 
predictive value of science fictioll, But 110 

modern sto l'y had even considered the con
cept. 

Th at was a shock fOI' th e writers; and 
signs that this stagnat ion is breaking up Me 
stan in g to appear in print. But why was th at 
mental block there at all, and why has it 
persisted for so long? Was it just a fluke? 

I don't think so, I'll tell yo u why, 
A quick look at all of the computer 

stor ies that have come out since computers 
and sc ien ce fiction writers discovel'ed each 
other back in the forties will show o ne 
dominant theme: artifici al in te llige nce, 

A writer of fiction stori es has to be 
concerned with people, Even a gadget story 
is only a story inas much as it affects people, 
For a writer to write anything worth read
in g, he/she has to consider the characte l's 
above all else , When the intelli gent com
puter first ap peared on the sc ience fiction 
scene, eve rybody took the concept to 
heart. 

The intelligent computer made a beauti
ful character, from the sto ryte ll er's point of 
view. The full range of personalities, from 
purely logical to insanely demonical , were all 
ava ilabl e fOl" use, and all essentially believ
able. Believability is a pl'ime quality in 
science fiction, It has to be thel'e if the StOIY 
is going to be any good, And anyo ne can 
believe a computer with a bad case of 
mi sprogl'a mming, 

And so the computel' became part of the 
stable of chal"acters ava il ab le for a sc ience 
fiction writer, right up there with human 
beings, mythological creatul'es, and ali ens 
from the planet , [The symbolic 
name of your favorite mythical planet is a 
parameter to be supplied by the user of a 
science fiction writing program.} A com
puter was a character, The co ncept became 
so fixed that writers forgot that real com
puters ex ist because they are beautiful tools, 
And while sc ience fiction writers told their 
tales of pensive robots and planet killing 
Berserker machines from some wal' lost lo ng 
ago and light centuries away, the macro
computers begat minicomputers, and minis 
begat micros. Out of the same labs came the 



pocket ca lcul ators, which jumped out on the 
m arket and gave us all a littl e taste of future 
shock . 

The shoc k has done so me good. Some of 
the better wri te rs are already into the swing 
of things. Tak e two exa mples: You mu st 
read The Mote In God's Eye by Larry Niven 
,md Jerry Poul"llelle, and Imperial Earth by 
Arthu r C Clarke . I n both of these nove ls 
everyone has a pocket co mputer. These 
gadgets Me pocket sized with lar'ge memories 
and very easy to program. They can sto re 
text, graph ics, and sou nd , occas ionall y tying 
into larger co mpu te rs by rad io, thus se rving 
as diary , library , ca lculator, and who knows 
what else . Thi s pocke t computer is such a 
logical deve lopme nt that you can bet that 
other write rs will pick up on the id ea. Here 
is a beautiful too l in scie nce fiction, and not 
a hint of an evi l chuckle out of it. 

Here is another examp le: Shoc!?wave 
Rider, by Joh n Brunner, extrapolates a 
wor ld whe re any comp uter can be reached 
and programmed from any telephone. (Thi s 
is an extrapolation?) In thi s future wor ld , 
the progr'amm ing genius with the right pass
word is like the one eyed man in the coun try 
of the blind. What can be fo rbidd en to the 
man who can change hi s identity, profess ion, 
and financ ial sta tu s, with just a cou pl e of 

hours tapping to uchtones o n hi s phone? 
Shades of sto ri es we've read about in 
Computerworld! In this story, Brunner 
in troduced the concept of a tapeworm to 
the sc ience fiction readersh ip . 

A tapeworm is a software I ife fo rm. It 
li ves in memory space, ea ting processor time. 
And they exist. I've seen them. So have yo u 
if yo u've watched a program blow up , using 
a video di splay as a wind ow into yo ur 
memory space. I've watched about f ive 
naturall y occuring spec ies in a fri end's 8080. 
If yo u are dou btful that they are alive; go 
back and reread the definition of life ~nd 
think aga in . 

Exciting things are sta rting to hap pen as 
science fiction takes another look at com
puters and what they can do. But o nl y you 
can determine how fast these stories can 
co me out. You can't wake up a writer if yo u 
have n't met him/ her. So put on yo ur BYTE 
tee-shirt and go to the next sc ience fiction 
convention and meet the people. Talk abo ut 
you r' machines. 

The co mpu te r as a beautiful character 
will never go away; yo u can be sure of that. 
But th e bea utiful too l is here, and all it takes 
is for science fiction writers to rea li ze it. 
Then, fina ll y, you might see an Alta ir on 
Arctu rus 11.-

When the intelligent com
puter concept first ap
peared on the science 
fiction scene, everybody 
took the concept to heart. 
Aha, here's another type 
of character! 

Definition : A tapeworm is 
a software life form. It 
lives in memory space, 
eating processor time. The 
etymological roots of its 
name lie in the theory of 
generalized computability, 
ie: the theory of Turing 
machines. 

6800 OWNERS UNITE! 
FREE YOURSELVES FROM THE BONDAGE OF SLOW CASSETTE 1/0. 

LOUDLY PROCLAIM YOUR SUPERIORITY OVER YOUR 8080 NEIGHBORS 
AND THE Z-80 SUBCULTURE. JOIN THE BFD-68 REVOLUTION. 

Our Basic Floppy Disc System (BFD-68) must, in all mod
esty, be called superb . It comes completely assembled 
with a disc controller that is plug compatible with the 
SWTPC 6800. The cabinet and power supply are capable 
of handling 3 Shugart Mini-Floppy Drives. One drive is 
included in the basic system price of $795 and other 
drives may be added easily at any t ime for $390. Or, you 
may save money by ordering a dual or triple drive sys
tem initially. The price for the BFD-68-2 is $1169 and for 
the BFD-68-3 triple drive system $1539. 

Remembering that we are prone to understatement, we 
must say that while the BFD-68 hardware is superb, the 
software is even better. Our Disc Operat ing System pro
vides the following advantages over most other systems. 

• ANY NUMBER OF FILES MAY BE OPEN (IN USE) AT 
ONE TIME 

• THE NUMBER OF FILES AND SIZE OF FILES IS LIM-
ITED ONLY BY THE SIZE OF THE DISC 

• MERGING FILES REQUIRE NO EXTRA DISC SPACE 

• NO WAITING FOR THE DISC TO RE-PACK 

• LONGER DISC LlFE- MORE EVEN DISC WEAR 

SKEPTICAL? SEE IT, THEN BELIEVE IT_ Our 
products are on display at the following dealers 
A-V ID ELECTRONICS 
1655 East 28th Street 
Long Beach, CA 90806 

MICROCOMPUTER 
SYSTEM S, IN C. 
144 S. Dale Mabry Ave nue 
Tampa, FL 33609 

DATA DOMAIN 
111 S. College Ave nue 
Bloomington, IN 47401 

THE COM PUTER 
WORKSHOP, INC. 
5709 Fredrick Avenue 
Rockville, MD 20852 

COMPUTER WAREHOU SE 
STORE 
584 Commonwea lth Avenue 
Boston , MA 02215 

COMPUTER MART OF 
NEW YORK, INC. 
314 Fifth Avenue 
New York, NY 10001 

BYTE SHOP OF COLUMBIA 
2018 Green Street 
Columbia, South Carolina 29205 

THE MILWAUKEE COMPUTER 
STORE 
6916 W. North Avenue 
Milwaukee , WI 53213 

COMPUTER RE SOURCES 
Chausee de Charleroi, 80 
1060 Brusse ls - Belgium 

COMPUTER WORKSHOP 
174 Ifield Road 
London SW1 0 9AG - England 

COME SEE US AT THE COMPUTER FAIR IN 
SAN FRANCISCO APRIL 16 & 17 IN BOOTH 
519. BRING YOUR BANKAMERICARD OR 
MASTERCHARGE CARD_ 

SMOKE SIGNAL BROADCASTING 
P.O. Box 2017, Hollywood , CA 90028 
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Z-so Power for the S-IOO 

without getting rid 01 

our CPU card~ 

159.95 
11 r· 
H 

\ 
\ 

, aSSe:,bled .~_ , ~~~'. is? 80' 

DUTRONICS a l eader in low cost, low power ram boards has just announced it's Z 80 - 80 
piggy back card. This plug - in board enables you to us e your exis ting IMSA I , ALTA IR CPU card 

and upgrade you r system to a Z - 80 . 

The card design i s such that all you do is pull out your 8080 and 8212 chips, plug in th e Board 

to th e 8080 socket itself and the ribbon cable to the 8212. 

A system monitor, on paper tape, is included with the board as well as a 280 Manual and Theory 

of Operation Manual. 

Dutronics will also supply all additional software at no cost, when it becomes available 

The price is $159.95 (assembled) only. OFF THE SHELF. 

BYTE OF PHILADELPHIA 
1345 IV. Lancaster Ave. 
Bryn Mawr, Penn. 19010 
(2 ] 5) 525- 7712 

BYTE OF PALO AL TO 
2227 EI C am.ino 
Palo Alto, Ca. 94306 
(415) 327- 8080 

HOBOKEN COMPU TER WORI\S 
20 Hudson Place 
Hoboken, N. J. 07030 
(201 420-1 644 

B )lTE OF WESTM INS TER 
14300 B eac h Blvd. 
lVe s lmins/.er, Ca. 92683 
(71 4) 894 - 9131 

BYTE OF SAN TA CLII NA 
3400 EI CamillI) /? r'aJ 
Santa Clara, Ca. 9S0.') } 
( 108 ) 2-/.9-42 2 1 

for more information call o r write to: 

R.H.S. MARKETING 
2233 E I Camino Real 

Palo Alto, California 94306 

(415) 321-6639 

DEALER INQUIRES INVITED 

B of A & MASTERCHARGE ACCEPTED 



16384 BYTES forS485.00 
assembled (with sockets) : tested - burned-in - guaranteed 

A new high in 5100 bus memory cost effectiveness. Fully assembled 

(with sockets), tested, burned-in and guaranteed. 4Kx1 dynamic 

memory chips (the same ones us ed by the ton in IBM compat-

ible memory systems) combined with self contained control 

logic, yield a memory system with: 

• Low power consumption , total board 5 watts. 

• Trans parent refresh , which means the 

memory looks static to the outside world. 

• No waiting. In fact, xrdy is not even con 

nected to the memory. 

• Full DMA capability 

• Reliable, low level clock and contro l 

signals. 

Dynabyte 
Dynabyte ® brings to the 5 -100 Bus a state of the art, industrial quality memory system. 

16K on a single board [or $485.00, Guaranteed [or 1 year. 

BYTE OF PASA DENA 
496 So . Lake A ve . 
Pasadena, Ca. 91109 
(213) 68tl-331 1 

8YTE OF SANT/I CLARA 
31/.00 El Camino R eal 
Santa Clara, Ca. 95051 
(108) 249- 1/221 

/3YTI~' OF IVALNU T CREEK 
2989 N. Main. Sl. 
lVal/wt Creek , Ca. 91/.596 
(!fl S) 933-6252 

BYTE OF SAN MA TEO 
1200 IV. Hill s dal e fU vd. 
San Mal.eo, Ca. 94403 
(41 5) 34 ]-4200 

B Y'f'!:.: OF IJ A 1.0 ;lIJ TO 
2227 El Camino 
Palo Alto , Ca. 94306 
(4 / 5)327- 8080 

[or more in[ormation call or write to: 

R.B.S. MARKETING 
2233 EI Camino Real 

Palo Alto, California 94306 
(415) 321-6639 

DEALER INQUIRES INVITED 

B of A & MASTERCHARGE ACCEPTED 



Navigation with Mini-O 

Richard J Salter 
Avionics Engineering Ctr 
Ohio University 
Athens OH 45701 

Part 3, Software 

The prev ious two arti cles on Omega 
Nav iga tion and the Mini-O design by Ralph 
W Burhans / February 7977 BYTE, page 62,
March 7977 BYTE, page 70/ have presented 
the bas ics of the Omega system and the 
hardwa re required for a minim al Omega 
receiver interface to micmprocessor syste ms. 
In this part we will present the software 
deta ils for phase-track ing loop fil ters and 
methods for output of the data as filtered 
lines of pos ition (LOPs) for se lec ted station 
pairs. This type of data outpu t would be 
di rec tl y usable in the simpl er forms of 
marine navigation rece ivers with a digital to 
analog converter driving a low cost Ru strak 
type of chart recorder. 

The or iginal concept of the Mini-O 
Omega rece iver by Ralph W Burhans has 
been augmented by the contr ibuti ons of a 
number of individuals fro m the Ohio Uni
versity Avionics Engin eer ing Center, Omega 
project team. Th ese includ e Dr Robert W 
Lilley who first suggested the concept of the 
Memory Aided Phase Locked Loop (see 
reference 1) and also orig in ated the basic 
idea of the softwat'e based Omega sensor 
processor in the ear ly stages. Kent Chamber
I in perfected the Memory Aided Ph ase 
Locked Loop in practice in 1974 with an 
all-TTL hardware version described in ref
erence 2. The design has subseq uently been 
converted to CMOS logic and implemented 
in a number of prototy pe t'ece ivers in our 
lab . These CMOS d igi ta l hardware sensors 
have been prepared by Ohio University 
under the sponsorsh ip of the NASA Langley 
Research Center program in air transpOl'ta
ti on for eventual use by the general aviat ion 
co mmunity. 

The bas ic goa ls of thi s NASA sponsored 
program have been to provide the genera l 
av iation pilot with some alternative nav iga
tion aids for use on a world wid e basis from 
the Omega VLF signals. Th e feasibility of 
low cost Omega data sensor methods for 
ai rborne use has been demonstra ted in a 
number of Ohio University test f lights. The 

100 

program is now continuing with the develop
ment of navigation software to provide the 
pilot or nav igatOl' with more direct data 
readout in the form of course deviation and 
indica ti ons of distance to go. 

An outgrowth of the program's airborne 
Omega rece iver resea rch is the Mini-O 
syste m. 

The Mini-O interface, operating at a 
40 Hz sampling rate, is a spin-off of an 
earli er investigat ion using a 100 Hz sample 
rate and a more expensive te mperature 
compensated crystal osc ill ator clock oper
at in g at 2.611200 MHz (10200 X 28 Hz). 
(See reference 3). In this in vestigation, both 
ground and in-flight measurements of actua l 
Omega ph ase data were collected. The data 
base was then used as the input fo r a 
software (FORTRAN language) simulation 
of the Omega sensor processor functions. 
This simulation analys is, perfor med on 
actual off-the-air Omega data, pmved the 
feasi bility of software methods of mani pu
lati ng Omega data at a low interrupt rate. 

Digital Phase Locked Loops 

A very simple fo rm of digital phase 
loc ked loop has been prese nted in part 2 of 
this se ri es where a pair of exclusive OR gates 
prov ide a phase detector for comparing the 
filtered 40 Hz signal obtained fro m a down 
counter, with the ph ase of the signals ob
tained from the type D fl ip flop used as a 
mi xe r (see figure 7 of part 2). This is what 
we call an increment-decrement type of 
binary ph ase locked loop where the 40 Hz 
output is being continuously ge nerated fro m 
215 Hz 729 and 214 Hz 729 depending on 
where the incoming noisy edges are with 
res pect to the divide by 29 counter output. 
This prov ides a very effec tive low pass filter 
for the 40 Hz signal with a lock up time of a 
few cycles which is co mparab le to the 14 Hz 
bandwidth of the analog RF front end 
f iltering. For the interested reader, a 
thorough treatment of digital phase locked 



loops is ava ilabl e in reference 4. 
The Memory Aided Phase Locked Loop 

is a more complex digital filtering system. In 
the hardware version, the output of a tempera
ture compensated crystal oscillator oper'ating 
at the Omega r'efe r'ence fr'equency of 26 X 
-10_2 kHz is divided in a 6 bit binar-y divider 
chain, and the outputs of all six stages Me 
compared with the six most significant bits 
of an up down counter which represents the 
cUl' r-ent Omega Ph ase estimate. This com
parison yields a pulse at the point in time of 
coinc idence of the two 6 bit numbers. The 
locked pulse is in tum fed back to the phase 
detector- which compares the time of arrival 
of the locked pulse to the time of arTival of 
the next incoming Omega ze ro crossing. This 
phase detector is similar to the one pre
vious ly discussed, and it outputs an incre
ment 01' decr-ement signal to the loop 
counte r-. 

The memory aiding feature allows a single 
loop (in software her'e) to track the signal 
phase in a ll eight Omega time slots by 
periodically tie: every ten seconds) loading 
the phase estimate from a par"ticular time 
slot back into the loop counter when it is 
aga in time to begin tl'acking that particular 
time slot's signa l. In this time-multiplexed 
fashion a single loop and eight words of 
memory can do the work of eight separ-ate 
phase locked loops. 

Using the memory aided phase locked 
loop, a quite narrow bandwidth digital filter 
for th e phase information produced by the 
Omega front end can be achieved. Ten bits 
of up down counter fi ltering before the 6 bit 

compar-ators provides a bandwidth of about 
1/10th of an Omega cycle. This on ly allows 
the tr-ac king loop to move about 30° from 
the previous phase value during a single time 
slot (using a tracking window of 625 ms per
time slot). 

Selected pairs of the 6 bit numbers ob
tained fr-om the memory aided phase locked 
loop aftet' each time slot can be subtracted, 
thereby generating Omega lines of position 
va lu es. The subuact ion as performed in 
hardware uses parallel ar"ithmetic adders as 
two's complement subtractOl's and appropri
ate latches to stOl'e the data for the se lected 
stations. 
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Photo 7: A uthors Richard 
Salter (left) and Ralph 
Burhans (right) shown 
with the Mini-O receiver 
equipment driven by a 
KIM-J processor seen at 
the right. 
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Figure 7: Using memory mapped 10 ports. In small systems, where little memory address space is committed to programmable 
memory resources, it is possible to use the high order address lines to partially decode 10 ports. This technique is applied here to 
show how the KIM or JOLT computers address the Mini-O receiver's eight bits of input data. There is one hitch with this form of 
10 address decoding: Since the low order address bits AO to A 7 7 are not used, all addresses from hexadecimal 8000 to 8FFF are 
equivalent in this particular case. In the logic of figure 3, a similar ambiguity of addressing finds hexadecimal 9000 to 9FFF 
treated identically as the output analog value latch. 

With the phase locked concept thus de
scribed as a primer for the software tracking 
system to be presented, the remainder of 
thi s artic le concentrates upon the specifics 
of the microprocessor interrupt 10 and the 
Omega sensor processor software origina ll y 
used with a JO LT Microprocessor System. 
The JOLT system is a product of Micro
computer Associates and is based on the 
MOS Technology 6502 CPU ch ip. The basic 
JOLT system, incorporating the 6502 CPU, 
6530-004 Teletype Monitor ROM, and 
ASR-33 and RS232 Teletype interface hard
ware (also a PIA which is not used in this 
app l ication), is avai lab le on a single 4-1/2 X 
7 inch printed circuit board for $150 in kit 
form. Ph oto 1 shows a KIM-1 processor by 
MOS Technology; the programs shown in 
listings 1 and 2 will work with any 6502 
processor based system by using appropriate 
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monitor service routine calls in place of 
JOLT's TIM monitor calls. 

Memory Mapped 10 

In the name of system simp li city and low 
cost, the data input and output decod ing 
technique known as memory mapped 10 is 
sometimes used. As mentioned previously, 
the JOLT system includes a peripheral 
interface adapter chip (PIA) which can be 
used for 10. However, in a small dedicated 
system with only one or two interrupts to 
service, the genera lity and sophistication 
provided by a PIA can become an expensive 
lu xury - especia ll y when one rea li zes the 
simp li city inherent in a memory mapped 
input latch. 

The memory mapped input circuitry is 
illustrated in figure 1. As used with the 
microcomputer interface described by Ralph 



Burhans last month (see f igur-e 7 in par-t 2 of 
this se ri es) , the memory mapped inpu t hard
war-e cons ists of a NOR gate, in verter- and a 
tristate latch_ The NOR gate and inverter are 
used to decode the four most significant 
addr-ess bits, and the decoder output enab les 
the Omega data onto the data bus by 
enabling the tr istate latch when the Qmega 
data port is addressed by interrupt service 
routine softwar-e_ When the microcomputer
receives the 40 Hz I RQ from the Mini-O 
interface, the serv ice routine needs onl y to 
say " load accumulator with data f rom 
memory location 8XXX" to accept the new 
Omega phase data_ Note that since the IRQ 
is a leve l sens iti ve input the I RQ signal must 
be cond itioned into a short pul se so that it is 
not serviced more than once_ I t is necessary 
.to add the circuitry in f igure 2 to figure 7 of 
part 2 to obta in this I RQ pulse_ 

Since on ly the four most significant 
addr-ess bi ts are decoded in the memory 
mapped input por-t, any attempt to address 
the 4 K locations enco mpassed by 8XXX 

WRITE 
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I 
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AND FIGURE I OF THI S ARTICLE) 

20/-,5 PULSE 

Figure 2: Since the IR Q signal of the microprocessor is a level sel7Sitive one, it 
is necessary to shorten the pulse out of the Omega receiver shown in last 
month's article. A method appropriate for noncritical applications is use of an 
RC time delay. This RC delay developed by a 200 p F capacitor and 47 k 
resistor prollides a pulse width of approximately 20 J.1S on the IRQ line. In 
applications where critical timing is involved, this method is not 
recommended. 

will result in enabling the Omega input latch. 
In effect, 4 K bytes of potenti al memo r-y 
space have bee n delegated to this one input 
port; however, sin ce the 16 bit addr-ess bus 
permits address in g up to 64 K bytes, th is 
apparent li be ral use of memory space is of 
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Figure 3: An output interface mapped to memory locations 9000 to 9FFF (hexadecimal). This 
is a simple 8 bit output port which drives a 6 bit digital to analog conversion using a weighted 
networl? of resistors. When the Mini-O programs of listing 7 and 2 store data at memory 
locations in the address range decoded by this port, it will be latched and appear as an 
equivalent voltage at the output jack. This interface is one simple way to drive a strip chart 
recorder monitoring the results of the Omega signal processing. 
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the program found in list
ing 7, which implements 
the software memory 
aided phase locked loop al
gorithm. The circled num
bers are referenced in list
ing 7 by notations to the 
left of the address column. 
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'---~_/ 

no consequence in a small system . Further
more if memory space becomes a valuable 
commodity, a thrifty altern ative is to simply 
decode more address bits. The additional 
hardware required is a NOR gate, NAND 
gate and inverters. 

The memory mapped output technique is 
very similar to the input scheme just de
scribed, and it is illustra ted in figure 3. 
Again, the four most significant bits of the 
address bus are decoded and used to clock a 
latch which latches up the data on the data 
bus. The only differences from the input 
circuitry are the NAN Ding of the decoder 
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output with the microprocessor "write" 
signal, and the data bus latch does not need 
to be a tristate device. The outputs of the 
latch are converted from digital to analog 
using a resistor network. This analog output 
can be used to drive a chart recorder or 
meter indicator. 

Interrupt Service Routine 

When the Omega data samples are entered 
into the microcomputer from the Mini-O 
interface (one sample every 25 ms), they are 
contaminated with noise and require fil
tering in order to extract a good estimate of 



Station 

Table 7: SMAPLL filtered Omega Phase 
Data. This is a sample of the Teletype 
printout of the program in listing 7. Each 
line of the table is the result of one 
70 second frame of Omega phase data com-
pared to the internal clock. The phase 
differences are printed as two hexadecimal 
digits for each time slot, corresponding to a 
6 bit number. Note that the data in the 
columns lettered A,B,E,F and H is quite 
random due to the low strength of the 
signals. However, the data in time slots C, D 
and G can be seen to be quite systematic: It 
increases in value as a phase difference 
between the internal clock and the incoming 
signal. By taking pairs of these weI/-defined 
station measurements and forming dif-
ferences such as C-D, G-C or G-D, the result 
is a relatively constant value of the line of 
position phase difference estimate for that 
station pair. For example, forming the dif-
ferences between station pairs G and C 
yields a fairly constant difference 72 average 
over these 24 measure men ts. (The mean 
square deviation is 3.) These observations 
were made at 70.2 kHz at 74:20 EDT july 
797976. 

the true phase. This is the funct ion of the 
software version of a memory aided phase 
locked loop : This closed loop digital filter 
accepts the noisy phase measurements and 
provides averaging so that its output is a 
better estimate of the true phase. 

The data format presented by the Mini-O 
interface is also shown in figure 1. Of the 
eight bits in each data byte, two are control 
flags and six are phase data. The most 
significant bit, 07, is a control signal flag 
which goes high to indicate when the 625 ms 
Omega measurement time slot window is 
present and data should be tracked by the 
software filter. The 06 flag is also controlled 
by the Mini-O timing hardware, and it is 
forced high by the Mini-O when the A time 
slot occurs. Bits 05 through 00 are the 
phase data to be tracked . 

When an interrupt is received by the 
microprocessor, the interrupt service routine 
must load the new data byte, test the 
control bits, and perform loop filtering to 
the phase data bits (assuming the control 
bits indicated good data). Note that the 
microprocessor cou ld be busily performing 
any main routine when it is interrupted: In 
our example the main program will be a 
simple id lin g loop, but it cou ld conceivably 
be a more general program of use in the 
vehic le being navigated . A flowchart for the 
interrupt serv ice routine appears in figure 4. 

A B C D E F G H 

27 21 2F' 29 1 3 2C 3E 1 D 
27 2 1 2C 2 :3 '1 0 2C 3;3 I E 
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27 22 36 2£ 1 J 33 ') .\ 

....,; ... 1. I D 
26 25 37 2=: 12 33 ClO 1 C 
2L1 0 " LCl 39 3 1 1 1 37 00 ll\ 
25 25 31\ 33 1 1 37 o (J 1 C 
25 2L1 "1 ',-, 

v~ 33 OF' 33 09 ID 
26 2/~ 3'" 35 OC 3S OC I:::' 
26 I? o LJ 37 J9 37 1 1 20 
26 2 1 07 37 Or! ') ," 1 3 20 '--' '-'u 
C)n 
~0 23 09 3.4 01\ 36 1 5 20 
2A 20 05 39 :JD 3l\ I Ll IE 
2C 22 ']7 3C 1 3 39 1 7 1 E 
28 2L1 09 3C 1 3 33 1 9 1 C 
29 23 aD 3D ILl 37 13 19 
2l~ 21 OD 3? 15 35 16 111 
23 23 OF' o 1 ILl 36 I ;::; 1 9 
26 23 OF' o 1 1 1 3L1 13 1 -, b 

29 23 12 02 1 1 33 1 C 18 
23 2 1 1L1 03 1 7 30 2J 1 6 
28 2 1 14 05 1 ;S 2D 22 114 
2D 1 F' 14 04 ILl 28 2 1 14 

From this chart it can be seen that the 
routine must also output a fi ltered data 
word at the end of each t i me slot. The data 
output takes the form of printed numbers 
on the Teletype, and the memory mapped 
outp ut latch with its digital to ana log con
version prov ides a means for obta ining an 
ana log vo ltage to drive a chart recorder. 

Tracking Loop Software 

If the 07 co ntl'Ol bit indicates that the 
data is within a 625 ms time slot window, 
the routine must then perform loop fi ltering 
on the data via th e software vers ion of the 
memory aided phase locked loop. This 
routine is illustrated in flowchart form in 
figure 5. The incom in g phase data is 
compared to the stored reference phase 
word. If the in coming phase is ahead of the 
reference phase, the difference will be 
positive and the loop counter must be 
incremented. Likewise, if the incoming 
phase is behind the reference phase the 
difference wi ll be negative and the loop 
counter must be decremented. The only 
except ion to th is procedure is when the 
phase is near th~ "edge of a lane" (ie: the 
data points are close to 0 or 63) in which 
case the opposite increment or decrement 
must be effected. 

The loop counter, which is incremented 
or decremented by the phase detector out-
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Hex 
Address Hex Code Label Op Operands Commentary 

G) 0000 AD 00 80 START LOA IPH ASE Load data byte from phase measurement input ; 

ffi 0003 10 44 BPL PMEAS If h igh order bit zero then go print measurement; 

0005 A2 80 LOX #$80 
0007 86 EO STX OLDENB OLOENB := '10000000' [set old enable flag]; 

0 0009 OA ASL 
OOOA 10 04 BPL SMAPLL If this is reference time slot 

® OOOC AO 01 LOY # 1 then set the 

OOOE 84 El STY TMSLCTR time slot counter to 1; 

CD 0010 • Begin software memory aided phase locked loop algorithm details 
0010 4A SMAP LL LSR 
0011 29 3F AND #$3 F 
0013 85 06 STA PH AS E PHASE [bits 0 to 5 of input (low orderl] ; 
0015 A6 El LO X TMSLCTR 
0017 B5 07 LOA ,X OLOPHREF (TMSLCTR) 
0019 4A LSR 

g 001A 4A LSR 
001B 85 07 STAA PHIREF PH IREF OLOPHREF{TMSLCTR)~ ; 

0010 • Th is adjusts for 4 increments or decrements in loop below 
0010 A5 06 LOA PHASE 
001F 18 CLC 

~ 
0020 E5 07 SBC PHIREF 01 F F (in accumulator) := PHASE - PHIREF ; 

6 .3 0022 10 19 BPL CKGT32P If 0 IFF > 0 then go check range, positive; 
0024 A5 07 LOA PHIREF 
0026 18 CLC 

~ 
0027 E5 06 SBC PHASE OIFF (in accumulator) PH IREF - PHASE ; 

6 .5 0029 A8 TAY 
002A A9 F6 LOA # INC,X Patch INC,X opcode 
002C 85 3A STA IOSW2 in to increment or decrement switch location ; 
002E A9 06 LOA # OEC,X Patch OEC,X opcode 
0030 85 37 STA 10SWl into increment or decrement switch l ocation ; 
0032 98 IN CTST TYA Begin sequence to test and increment; 
0033 C9 20 CMP # 32 

~ 0035 10 03 BPL IOSW2 If 10lFF I > 32thengoto lOSW2; 

.8 0037 XX 07 10SWl DEC or INC Decrement or increment OLOPHREF (TMSLCTR) ; 

@ 
0039 40 RTI 
003A XX 07 IOSW2 INC or DEC Increment or decrement OLOPHREIF (TMSLCTR) ; 

@ 
003C 40 RTI 
0030 A8 CKGT32P TAY 
003E A9 06 LO A # OEC,X Patch OEC,X opcode 
0040 85 3A ST A IOSW2 into increment or decrement switch location ; 
0042 A9 F6 LOA # INC,X Patch INC,X opcode 
0044 85 37 STA 10SWl into decrement or increment switch locati on ; 

® 
0046 4C 32 00 JMP INCTST Go to test and increment sequence ; 
0049 A5 EO PMEAS LOA OLPENB 

® 
004B 10 20 BPL DON E If previous enable flag was 0 then skip printing ; 
0040 AO 00 LO Y #0 

@) 
004F 84 EO STY OLOENB OLOENB := [reset to prevent double printout] ; 
0051 78 SE I [mask off interrupts] ; 
0052 A5 DB LOA O LOPHREF (4) 

~ 
0054 80 00 90 STA ANLGPORT [analog port output := selected OLOPHREF] ; 

12 0057 A5 07 LOA PH IREF Print current refere nce phase 

@ 
0059 20 Bl 72 JSR WROB using JOLT's TIM hexadecimal routine; 
005C A5 El LOA T MSLCTR 
005E C9 08 CMP # 8 I f TMSLCTR < 8 
0060 10 06 BPL SPCESI then type space and increment TMSLCTR; 
0062 20 8A 72 JSR CRLF Print carr iage return, line feed with TI M; 
0065 4C 6B 00 JMP INCIT 
0068 20 77 73 SPCES I JSR SPACE Print space using TIM rou tine; 

@ 
006B E6 El INCIT INC TMSLCTR T MSLCTR := TMSLCTR + 1 [onward to next stat ion]; 
0060 40 OONE RTI Wait for next interrllPt from Mini-O hardware; 

@ 
006E • main routine is an endless loop interrupted on occasion .. . 
006E 4C 6E 00 MA IN JMP MAIN 

Symbols: (other than labels) 

0006 PHASE temporary storage of 6 bit phase value 
0007 O L OPHREF origin for indexed references to old reference phase 
0007 PHI REF current 6 bit reference phase derived from table reference 
0008 

OLOPHREF data values, indexed by TMSLCTR values 1 to 8 

OOOF 
OOEO OLOENB fl ag (values hexadecimal 80 or 00) 
OOEl TMSLCTR current sta tion index, 1 to 8 for stations A through H 
8000 IPH ASE input phase and fl ag data port from Mini-O peripheral 
9000 ANLGPORT output analog data port for meter or chart recorder 

Note : Location 0053 is t he low order add ress of a phase reference value which will be disp layed on the analog output channel 
when printing is done . 
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Listing ,: The Mini-O 
processing program. This 
routine implements a 
software memory aided 
phase locked loop. The bulk 
of the code is an interrupt 
response routine, starting 
at address 0000. Before 
entering the program, the 
I RQ interrupt vector of 
the jOL T or KIM-' system 
must be set to point to 
location a and IRQ must 
be enabled. The entry 
point is an endless loop at 
location 006E. 

put, performs the loop filtering. The length 
of this counter determines how much inte
gration is provided by the SMAPLL ro utine, 
and it also sets the tracking speed of the 
loop. The proper choice of loop counter 
length is the result of an important engineer
ing design tradeoff: If the loop counter is 
mad e too long, the noise cancel I ing charac
teristic wi ll be en hanced but the tracking 
speed will be too slow to adequately track 
the signa l. On the other hand, if the loop 
counter is made too short the loop tracking 
speed will be increased at the expense of 
desirable noise filtering. 

The six most significant bits of the loop 
counter make up the filtered reference phase 
which is used to measure the next incoming 
phase word . It is also stored at the end of 
each time slot so that it can be used to 
preset the loop at the beginning of the 
particular time slot ten seconds later; hence, 
the term "memory aided" phase locked 
loop. Durin g the 625 ms gap following each 
time slot, this reference or "locked" phase 
can be sent to both the Teletype printer and 
analog chart recorder for recording single 
station phase or for measuring clock offset. 
A typical output is shown in table 1. These 
reference phase words (eight total, one per 
time slot) can be subtracted to form the 
phase differences which define lines of posi
tion (LOPs) on an Omega map. Of course, 
this too can be output to a recording device. 

Software and Output Options 

The SMAPLL interrupt se rvice routine 
listing for a 6502 system is given as listing 1. 
Omega and other VLF signals are of interest 
to time freque ncy scientists and lab ex per i
menters because of the frequency stability 
of the transmitted signal. When these signals 
are referenced against a receiving system's 

I 

@ 
r---------- -----------, 
, /, IDSW' I , /, , ,...---------~- ~------;D~;;l 

/ , 
I , 
I I 
, I 
I , 
, I , , 
I , 

I I 
I , L __________ _ ___________ J L __ ____________________ _ 

Figure 5: The detail design of the software implementation of a memory 
aided phase locked loop. The circled numbers here refer to listing 7. The dot
ted line boxes surrounding the two increment or decrement switches are an 
elaborate representation of the concept of a program which patches itself by 
changing operation codes. 

local clock as in the Mini-O interface, the 
SMAPLL phase reference outputs can be 
used to determine the receiver's clock error. 
Similarly, any lab standard oscillator can be 
calibrated and adjusted to cesium atomic 
clock accuracy by this technique (since the 
Omega signals are locked to a cesium ref
erence at each transmitter). Table 2 illus
trates this method of clock offset determina-
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Station 

tion and the program of listing '1 was used to 
obtain this output. 

Another common use of Omega signals is 
that of position fixing . In order to obtain a 
position fix , the phase differences of two 
station pail-s (two LOPs) are plotted as an 
intersecting grid on a map and their inter
section defines the receiver's position. This 
technique is suitable fot" use by small boat 

A B C D E F G H 

20 00 19 25 23 29 39 OA 
IF 00 lA 29 IE 2E 3A OA 
If Jl ID 28 Ii] 30 3F 00 
2 1 04 23 2[ 13 33 05 O~ 

21 09 29 2F 13 34 OA 0 7 
IF OD 22 33 13 34 DC 0 6 
IE II 32 35 IJ 35 12 03 
20 IS 363311 3!. 1/.j 05 
23 19 39 39 0:= 37 I S :]1 
23 12 3D 3C 13 3D I J 3D 
IF IF 39 3D 16 3~ I E 3F 
20 25 3";. I] I 1 3 3 F 1 ;::::'3? 
22 23 13Flo3 1:30 1 2 1 02 
,"2 1 2D :]/.j 05 1:::: IJLj 25 03 
ID 20 09 07 2J 01 2 4 0 2 
IE 32 OB J~ 23 3D 25 0 1 
IE 37 OD or 2 0 3D 2~ 3 C 
lC 3C JD JF 2 5 3A 2? J~ 

I::> 39 O? 11 2 7 
1:.33 [ : 1J 15 2 7 
18 3C lL. 16 
1:3 3? I S 18 
IC 03 IC I ;) 
I f:: 3F IE I f: 

03 IF IF IE 
ID 05 2 1 23 
I [ 0,\ 

OF 
20 
29 
2r: 

.1 -, 
:,.':' :.) 

00 
J2 

2 0 0 1 
2 :3 '-) , 

c-.J 3F 

3C 
')c: " ~, 

'1 t ) ,-,,--

31 =::3 
35 30 
J'::' 3) 

3F 34 
02 33 
00 '3 ~2 
Of. 
09 

J:"2 ,J J J!j 

37 :] J 3 / 1 

3':; OJ 35 

IF OF 
I C I !. 
I ,j I !. 
17 I/j 
Ii; 122 C 
17 L~ 2F 
I:J 1 0 31 

3J :J2 3 r~ O~ i 

34 J2 37 J ,-

1'-· c: 

L; IS 

19 13 
1'3 1 /.j 

32 
36 

3? 
J/l 

I .] 
3 7 05 

OJ 12 3i. 

(' ') ," 17 
3.i 1 1 
35 I ') 33 
3~) 1 1 3/1 
3/1 1 3 .J 3 
3S 1 ).3 :.2 
:3 /j 1 7 :3 U 

w 
(!) 
z « 
J: 
u 
W 
...J 
U 
> 
U 
w 
Z 
o 

19 1 2 3D 03 10 
1 C :] F P FI J? 12 
2 1 1 0 O/j 0 F I '2 

2? I :":, 2F ___ ....!.. __ 

2[; IC 2 .. ; 
~?D 1,\ :~F' 

21 10 OJ 15 15 2~ 

24 DB DC 16 15 ~9 

2:> O:J 0 Fie 1 G 2 7 

IF 3 :2 
Ie 30 
l L 2? 
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operators or backpackers. In order to plot a 
line of position, the segment of the program 
in li sting 2 must be substituted into li sting 1 
beginning at location 0052. The LOP output 
obtain ed with this program and plotted on a 
Rustrak chart reco rder appears in figure 8. 

In order to compare the opel-ation of the 
software version of a memory aided phase 
locked loop and a convention al hardware 
loop system, the routines were run in a JOLT 
microco mputer side by side with an all 
hal-d ware Omega sensol- and processor. The 
lines of position outputs of both syste ms 
wel'e plotted on a dual trace Rustrak chart 
recorder in our lab. This ch art appears in 
figure 6 with the software system output all 
the bottom. As can be seen from this chart, 
the software system tl-ac ks the Omega signal 
in vel-y similar manner to the hardwal-e 
sys tem. 

Future Software 

Line of position outputs and phase versus 
clock information can serve the boat opera
tor and time frequency expel-imenter respec
tively, but airborne navigators need position 
data in a more suitable form (such as 
cross-track error, miles-to-go, etc). Deve lop
men t of the necessary nav igation software to 
enable the accomplishment of these tasks 
with an in expensive, commerically avai lable 

Clock Offset = One Omega Cycle time 
Time to Change One Cycle 

1/10200 seconds 
290 seconds 

09 .80 X 10- 5 

2.90 X 102 

3.38 X 10- 7 

Table 2: Local clock offset determination . 
By measuring the amount of time needed for 
phase to change one complete cycle, relative 
to the locol clock, it is possible to measure 
the difference between your 10 col clock 
reference and the Cesium atomic clocks used 
to calibrate the Omega system at its world 
wide network of stations. The calculation is 
shown here, along with data taken from 
70.2/?Hz stations at 70:30 EDT July 20 
7976. This is one way to achieve the 
ultimate in personal measurement of time 
using your computer and an Omega receiver. 



Hex 
Address 

0052 
0054 
,0056 
0057 

Hex Code 

EO 04 
FO 18 
EA 

Label Op 

PATCH CPX 
BEp 
NOP 

EN OPTCH , , , , , , , , ' , 

Operand 

#4 
OIFCALC 

Commentary 

Is old TMSLCTR = 4 [selected station 0 index] ? 
I f so then go to 01 FCALC [calculate difference] ; 
Fill space; 
Return to previous code; 

---- - -----------------------

006E A5 OA OIFCALC LOA OLOPHREF 13) 
0070 4A LSR 
0071 4A LSR 
0072 85 03 STA TPHAZ TPHAZ := OLOPHREF(3)/4 [get C phase]; 
0074 A5 07 LOA PHIREF 
0076 18 CLC 
0077 E5 03 SBC TPHAZ OIFF := PHIREF - TPHAZ; 
0079 30 08 BMI NEGAT If negative then go to NEGAT; 
007B OA OUTOIFF ASL 
007C OA ASL Shift left to cor respond to OAC output bits; 
0070 80 00 90 STA ANLGPORT [analog output port := difference phase] ; 
0080 4C 57 00 JMP ENOPTC Jump back in line; 
0083 59 40 NEGAT AOC # $40 [convert to positive difference] ; 
0085 4C 7B 00 JMP OUTOIFF Go to OUTOIFF [and display value]; 
0088 4C 88 00 MAIN JMP MAIN 

Additional symbols lother than labels): 

0003 TPHAZ temporary byte used in phase difference calculation 

Listing 2: An alternate version of the 
software memory aided phase lock loop for 
use in plotting a phase difference value 
versus time. This patch to listing J was used 
in preparing the chart of figure 6. It 
calculates the phase difference, between 
stations selected by the choice of addresses 
DB to DF at address 006F, and the choice of 
a station index J to B at location 0053. (The 
ranges in each case correspond to station 
selections A through H.) The setup shown 
here picks the C-D station pair. In preparing 
figure 6, the constants were set up for the 
G-C station pair. With this patch, the main 
entry point is now at location OOBB. 

microprocessor is a continuing effort at Ohio 
University, The microcomputer has made a 
low cost Omega Navigation System a very 
real possibility and BYTE readers are adv ised 
to stand by for navigation software as it is 
perfected .-

Figure 6: Comparison of 
the Mini-O software mem
ory aided phase locked loop 
(listing 7) with a com
parable hardware version 
in older (more expensive) 
equipment. The two sets 
of equipment were run 
simultaneously beginning 
at 3 PM EDT on july 76 
7976 with the 2 channel 
chart recorder running at 
one inch per hour, Timing 
calibration is shown at the 
bottom of the chart. 
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Microprocessor Update: 8008 

VDD 

07 

06 

0 5 

DATA 04 
BUS 0 3 

0 2 
01 

DO 

INTERRUPT 

READY 

I I 
; 2 
SYNC 

~~} STATE 

S2 

VCC 

Robert Baker 
15 Windsor Dr 
Atco NJ 08004 

Figure 7: Th e pinouts of 
the Intel 8008 processor. 

Figure 2: In ternal organization of the 8008 processor. 00 ' 07 BI'DIRECTIONA L 
DATA BUS 

Q 
DATA BUS 
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BU FF ER 

( B BIT ) 

~ INTER NAL DATA B US 
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o. (B) b. (8) REGISTER (B) I 
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For the newcomer to the microcom puter 
world, the 8008 was one of the fi rst 8 bi t 
microprocessors to be developed. Figure 1 
shows the pin assignment of the 18 pin 
dual-in-l ine package while figure 2 shows a 
block diagram of the central processor un it 
(CPU) . Typica l prices for the 8008 CPU are 
current ly under $20. 

The 8008 is a si ngle chip, MOS, 8 bit CPU 
that commun icates over an 8 bit data and 

( 8 B IT) 

INTER NAL DATA B US 

U ~ 
1 STACK I ACCUMU LATOR 

'I MULTI PLE XER ( 8 ) 

PR OG R AM COUN TER B 
(14 ) REG (8) 

f-
LE VEL NO. I u C 

(14 ) 
UI 

REG (8) ...J 
UI 

LE VEL NO. 2 Vl 0 
(1 4 ) a: RE G (8 ) 

UI 

L EVEL NO. 3 f- E 
~ (14 ) 

'" 
REG (8) 

LEVEL NO. 4 UI 
H a: 

(14) REG (8) 

LE VEL NO. 5 L 
( 14) REG ( 8) 

LE V EL NO. 6 SCRATCH PAD 
( 14) 

LEVEL NO. 7 
( 14) 

ADDRESS STACK 



MNEMONIC 

3 Lri 

LMI 

MINIMUM 

STATES 
REOUIREO 

151 
181 
171 
181 

191 

151 
151 

INSTRUCTION CODE 

0, 06 05 0,03 0, 0, DO 

, , 
o 0 
8 8 

° ° 8 8 

° 0 

° ° 

D D D 
DOD , , , 
° D D 
888 , , , 
888 

° ° D DOD 

S S S 

, , 0 

888 
, , 0 

888 
000 

° ° , 

DESCRIPTION OF OPERATION 

Load index register r 1 with the content of index register r2. 

Load index register r with the content of memory register M. 

Load memory register M with the content of index register r, 

Load index register r with cUlt. B ... B. 

Load memory register M with data B , . , B. 

Increment the content of index register r (r ,. AI. 

Decrement the content of index register r (r f AI. 

Accumulator Group Instructions 

The restllf of the ALU instructions affect all of the flag flip·flops. The rotate instructions affect only the carry flip.flop. 

I--,-;:A~D,,' __ 1--,1:;;5;.-1 _-+--:-' _0;;.-_;:.0-;:.0-;:.0_-;:.S-;:.5-;:,S-I Add the content of index register r , memory register M: or data 

I--,-;:A;oD;.::M __ I---,I:::8;.-1_-+--:-'_0=--_=-0-;:.0-;:.0_-:-'-:-'-:--I B. ,B to the accumulator. An overllow (carry I sets the carry 
AOI (8) 0 0 a 0 0 0 flip.flop. 

B B 8 8 B B B 
I--O'.A=C',-:-_+ __ 1~5:c.1_-+~~ __ 0=--=-0~_~5~S~S-l Add the content of index register r, memory register M, or data 

I--,-;:A;;-CM;.::-_+ __ 1",8;.-1 _-+--:--=-__ O=--o=-, --:-_-:-'-:-'-:--1 B ..• B to the accumulator with carry, An overflow (carry) 
ACI (8) a 0 0 0 1 1 a sets the carry flip.ftop. 

B B B B 8 888 
I--,S"U,:,.,-_+_-,'1'E:51,-_+-':c...c0=----.:0;;.-!-' -=-__ S~, ...c:..S~S-l Subtract the content of index register r, memory register M, or 

I-~S;;U:;;M"-_+ __ 1,,,8;.-1_-+-:-'-=-0_-;,:()-:-'-;,:_-:-'-:,:'-:,:-+ data 8 ... B from the accumulator. An underllow (borrow) 
SUI (8) 0 0 0' 0 , 0 sets the carry flip .flop, 

B B 888 8 8 B 

I-_S",B":'.,-_+_...:1~5:c.1_-+~' ~O_--,!--,-,--,-'_-".S-".S-".S-I Subtract the content of index register r, memory register M, or ~t. 

1--7.~:::~"--+--:::::-: --+-:-' -,:-O_-;':o-:-'-:-'---;"-:':~-:':-I ~:::r:~; ~sf~~: ~~~ya:I~~~~I;.tor with borrow, An uOOerflow 

MNEMONIC 
MINIMUM 

STATES 

REQUIRED 

B 8 B 

INSTRUCTION CODE 

0 7 0 6 Os 0.°3 0, 0, ~ DESCRIPTION OF OPERATION 

!--.:.N",0""_--1--1_",1",51,---!_',-,0,-_',--,0"--"-_S,,-,,,S-,,,S-j Compute the logical AND of the content of index register r, 

I---;'~':~"'~"--I'---'i:=:--'-I-,~'--'o'---:!""':~:-"':~:-"':-!-'-o=-'-:-~ memory register M, or data B . , , 8 with the accumulator. 

B 8 B B B B B 

I---,X,-,A"",--I __ .lS",-_+_,,--,O,--_,,--,O,--,-1 _-,S~S~,,-S Compute the EXCLUSIVE OR of the content of index register 

I---,X,-,R",M'---I __ .lll1 fRI_-I--.:'L-Y... 0 __ ',--,0,--,-1 _-,-I -'-'--,-' r, memory register M, or data B . , , B with the accumulator. 

XAI 181 ° ° ° 1 , ° ° 
8 8 8 8 888 

I---,:O",A"",--I __ .l15=1_-I--"L...>0,--_,,--,,--,O:---,S,--,S,,-S"-! Compute the INCLUSIVE OR of the content of index register 

!--,O",A::.:M'-.--1 __ -,IB",I_--t--"'-''--_'-''--'O,--_,-' -,-I --'-,' r, memory register m, or data B , , . B with the accumulator, 

OAI 181 ° , ° , ° ° 
8 8 8 8 8 8 B 

I---'C,,:P!-, :--I __ -,I",SI'---I_''--'O,--_!-' -,-I -,-I __ S,,-,,-S-,,-5 Compare the content of index register r, memory register M, 

!---,C"-P"M'---1 __ -,1,,,81,---!_''--'0,--_,-' -,-I -,-I _-,-'-,-' ~1 or data B , . , B with the accumulator, The content of the 
CPI (8) a 0 1" 1 0 0 accumulator is unchanged, 

B B B 8 888 
ALC 151 ° ° ° ° a 1 Rotate the content of the accumulator left, 

AAC 151 ° ° ° ° 0' Rotate the content of the accumulator right, 

AAL 151 o '0 0' a , 0 Rotate the content of the accumulator left through the carry. 

RAA 151 o 0 0' 1 o 1 0 Rotate the content of the accumulator right through the carry, 

Program Counter and Stack Control Instructions 

141 JMP I'll 

(5) JFc (9 or 111 

JT, (9 or' 11 

CAL 1"1 

CF, (9 or II) 

CT, (9 or ,,) 

AET 151 ° ° RF, (3 or 5) ° ° 
AT, (3 or 51 ° ° 
AST 151 ° ° 

° 1 

° , 

° ° , , 
NOTES : 

a C4 C3 
82 8282 

83 8383 

1 C4 C3 

82"2 82 
8383 83 

o C4 C3 
82 82 "2 
B3 B3 B3 

x X X , , , 
° , , 

Unconditionally jump to memory address 83 .. , 8382 ' . , 82, 

Jump to memory address 83, ,8382, .. 82 if the condition 
flip·flop c is false, Otherwise, execute the next instruction in sequence. 

Jump to memory address 83 ' .. 8382 . , .82 if the condition 
flip-flop c is true, Otherwise. execute the ne xt instruction in sequence. 

Unconditionally call the subroutine at memory address B3' 
83B2 ', , , B2. Save the current address (up one level in the Slack!. 

Call the subroutine at memory address B3." B3B2 . "B2 if the 
condition flip·flop c is false, and save the current address (up one 

level in the stack,) Otherwise, execute the next instruction in sequence. 

Call the subroutine at memory address 83 . , , B3B2. ,B2 if the 
oondition flip·flop c is true, and save the current address (up one 
level in the stack). Otherwise, execute the next instruction in sequence, 

Unconditionally return (down one level in the stackl. 

Return (down one level in the stack) if the condition flip-flop c is 

false, Otherwise, execute the next instruction in sequence, 

1 C4 C3 0' 1 Return (down one leve l in the stack) if the condition ftip-flop c is 

A A A 

° ° M 

A A M 

° ° ° , , , 

true, Otherwise, execute the next instruction in sequence, 

, 0 1 Call the subroutine at memory address AAAOOO (up one level in the ,stackl. 

M M, Read the content of the selected input port (MMM) into the 

accumul a tor. 

M t...1 1 Write the conte nt of the accumulator into the selected output 

port (RRMMM , RR J. 001, 

o 0 X Enter the STOPPED state and remain there until interrupted. 
1 , , . Enter the STOPPED state and remain there until interrupted , 

(,) SSS :: Source Index Register } These regis ters, Ij, are designated A(accumulatOr - OOO), 
DOD:: Destination Index Register B(oOll, C(olQ). 0(011), E(100), H(101) . L(l10), 

(2) Memory rellisters are addressed' by the contents of registers H & L. 
(3) Additional bytes of instruction are designated bV BBBBSBBB, 
(4) X ',. " Don't Care", 

(5) F!~9 flip';Jlops are defined by C4C3: carry (OO-overflow or underflow), zero (01·result is zero). sign (1 O·MSB of result is "1 "I. 
parity (11.parity is even). 
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Table 7: The instruction 
set of the Intel 8008, re
produced from Intel's No
vember 7973 8008 central 
processor unit User's Man
ual, pages 8 and 9. 

Continued on page 160 



The diversity in The Best of 
Creative Computing - Vol
ume 1 can only be described 
as staggering. The book 
contains 328 pages of articles 
and fiction about computers, 
games that you can play with 
computers and calculators, 
hilarious cartoons, vivid 
graphics and comprehensive 
book reviews. 

Authors range from Isaac 
Asimov to Sen . John Tunney 
of California ; from Marian 
Goldeen , an eighth-grader in 
Palo Alto to Erik McWilliams 
of the National Science 
Foundation; and from Dr . 
Sema Marks of CUNY to 
Peter Payack, a small press 

The Best of 

GP6ativ6 
GompDtind 
Volume 1 Edited by David H. Ahl 

poet. In all , over 170 authors are represented in over 200 
individual articles, learning activities, games, revi ews and stori es. 

This 328-page book has 108 pages of articles on computers in 
education, CAl, programming, and th e computer impact on 
society; 10 pages of fiction and poetry including a fascinating 
story by Isaac Asimov about all the computers on earth linking up 
after a nuclear war to support the few remaining survivors; 15 
pages of " Foolishness" including a cute cartoon piece -
called "Why We're Losing Our War Against Computers" ; 26 pages 
on "People , Places, and Things" including the popular feature 
"The Compleat Computer Catalogue" which gives capsule 
reviews and lists sources for all kinds of computer-related 
goodies; 79 pages of learning activities, problems and puzzles; 29 
pages continuing 18 computer games including a fantasti c 
extended version of the single most popular computer game -
Super Star Trek ; and 32 pages of in-depth book and game reviews 
including Steve Gray's definitive review of 34 books on the Basic 
language. 

The Best of Creative Computing - Volume 1 is available by mail 
for $8.95 plus 75q: postage from Creati ve Computing Press, Dept. 
8-21 , P.O. Box 789-M, Morri stown , N.J. 07960. 

ARTI ST AND COMPUTER IS a unique new art book that 
covers a multitude of computer uses and th e very latest 
techniques . tn its pages. 35 arti sts who work with computers 

exp lain how th e computer can be 

flAil~ST 
programmed either to ac tuali ze the 
arti st" s co ncep t (s uch as the 
visua li zation of fabri c before it is wo-

fl~[) 
ven) or to produce fini shed pieces IItustrated 
with more than 160 examp les of computer art . 9 
of them in fu ll color. ARTIST AND COMPUTER 

• witt fasc inate and inspire anyone who IS In-

f1I[] MDlJTCn ~~~eS/~~ci~n~ ~~;~ c~;~ 
l.J 1.lr 1:" BV2"x ll " . 

Edited by RUTH LEAVITT 
Paper $4 .95, cloth $10; now at selected book stores . or send payment plus 
75¢ handling to Creative Computing. P.O. Box 789-M , Morristown, N.J . 
07960. N.J . residents add 5% sales ta x. 

THE BEST OF BYTE - VOL. 1 
The Best of Byte - Volume 1 is a 384-page blockbuster of a book 

whi ch contains the majority of m.aterial from the first 12 issues of 
Byte magazine. 146 pages are devoted to "Hardware" and are 
cram full of how-to articles on everything from TV displays to 
joysti cks to cassette interfaces. The section on computer kits 
describes building 7 major kits. But hardware without software 
might as well be a boat anchor, so there are 125 pages of 
"Software and Applications" ranging from on-line debuggers to 
games to a complete small business accounting system. A 
sec tion on "Theory" examines the how and why behind the 
c ircuits and programs, and a final section "Opinion" looks at 
wh ere this explosive new hobby is heading . 

The Best of Byte - Volume 1 is edited by Carl Helmers and David 
Ahl and published by Creative Computing Press. Price in th e US 
is $11.95 plus $1 .00 shipping and handling ($12.95 total); foreign 
orders add $1 .00 ($13.95 total) . Orders from individuals must be 
prepaid. Creative Computing Press, Dept. 8-21 , P.O. Box 789-
M, Morri stown, NJ 07960. Allow 8 weeks for delivery. 

101 BASIC Computer Games is the most popular 
book of computer games in the world . Every pro
gram in the book has been thoroughly tested and 
appears with a complete listing, sample run, and de
scriptive write-up. All you need add is a BAS1C
speaking computer and you're set to go. 

101 BASIC Computer Games. Edited by David H. 
Ahl. 248 pages. 8%xll paperbound . $7 .50 plus 75i 
postage and handling ($8.25 total) from Creative 
Computing, P.O . Box 789-M, Morristown, NJ 07960. 



You should subscribe to 
GPoativo Gomputinfj 
today! Here's why 

• 

Creative Computing will help you 
decide which computer is best for 
you. 
Creative's no-nonsense equipment profiles arm you 
wilh Ihe facls before you talk 10 the vendor o r dea ler. 
Whether you're interested in a microco mpu ter kit. a 
mini. terminal. or programmable calculator, you'll 
find the evalua tive in formation you need in Creative. 
Indeed, one wise hardware decis ion co uld save you 
the cost of a lifetime subscription! 

Creative Computing discusses 
computer applications in non
technical , understandable 
language. 
Business people who want to know what's gOing on 
in the EDP department , studen ts who wanl 10 learn 
about microprocessors. hobbyists looking to make 
good use of home com puters, or anyone concerned 
about the effect of the computer on sociely Will find 
these and many. man y more mind-expa r'l ding tOPICS 
cove red on the pages of Creative . 

Creative Computing covers com
puter education in depth. 
After all. that's where we got ou r slart and so we 
continue to presen t four or five major learn in g 
activities every issue . If you're a teacher, Creative 
will save you hours o f preparati on ti me . If you 're a 
student. you 'll be way ahead o f your class Wi th 
Creative. And If you 've already graduated, you can 
bone up on what you mi ssed . 

Creative Computing carries out
standing fiction every issue. 
One of the best ways of exploring future scenarios of 
computer usage is through fiction, so C rea tive seeks 
out material from the best authors - Isaac Asimov. 
Frederik Pohl. Arthur C. Clarke to name jusl a few , as 
well as many others who are destined to be Ihe best 
of the next generation . 

Creative Computing 's book 
reviews are honest and timely. 
We're not owned by a big book publisher 10 whom 
we owe loyally. nor do we depend upon advertising 
for our revenue. Hence, not on ly do our reviews pull 
no punches , but we also rank order similar books 
(like all 34 books on the BASIC language which we 
reviewed last year) . Creative reviews vi rtua lly every 
computer book o f interest to educalors, hobbyisls , 
and general lay people, even including vendor 
manua ls and governmenl pamph lets , 

An extensive resource section will 
save you time and money. 
Every issue of Creative ca rri es 40 or more short 
resource reviews eva luating periodi ca ls, booklets~ 
hardware , termina ls, couplers, periphera ls. software 
packages, organizations , dea lers. and much more. 
Every ent ry has a bri ef description , eva lu ation. and 
the name. address, and phone number of the 
vendo r. You 'll save valuable time seeking ou t this 
information , much of which you'd possibly never 
come across. 

Creative Computing will provide 
hours of mind-expanding enter
tainment, even if you don't have a 
computer. 
Creative Computing carries 10 0 r 12 pages of games 
and puzzles every issue, Most of the puzz les don 't 
need a com puler or calculato r to solve; some do. 
Naturally, the 4 or 5 new computer games (in Basic , 
Fortran, and APL) in every issue req uire access to a 
computer. 

8. 
Creative Computing gives you 
things to actually do with a com
puter. 
Home computer kit. mini , timesharing terminal -
whatever your access to computer power, Creative 
prov ides thorough ly documented programs wilh 
complete listings and sample runs Ihat you can use 
with minimum e ffort. Games, simU lations, CAl. 
computer art - whether education or recreati on is 
your bag, you' ll find programs which you can use in 
Creative . 

A no-compromise policy of 
editorial excellence means every 
issue is of value to you. 
We fi rm ly in lend to be around a long time and we 
believe the way to do Ihat is to publish only material 
of the very highest qua lity , We believe our readers 
are among the most astute, intell igent. and active 
people in the world , You can' t afford to waste time 
read ing imprec ise , opinionated, or wordy articl es 
and you won't find any in Crea tive. 

The price is right - only $21 for 3 
years. 
Thai same S21 wi ll buy you a pairof SlarT rek wa lki e 
lalk ies. six direct dialed 10 minute calls belween 
New York and Boston , 3 lankfu ll s of gas , or 10 
cocktails at a Hilt on hotel. Wouldn't you rather have 
18 issues of Creative Compu ti ng each contain ing 
over 85 pages o f solid ediloria l material (including 
advertl slnQ, over 100 pages per issue) . Count the 
editorial pages in any Of her hobbyis t or spec ial 
interes t magazine and compare it to Creative . Any 
other. 1 yea r subsc ription $8, Li fetime S300. 

NO RISK GUARANTEE 
You may cancel your subscription at any time for 
any reason and we wil l refund the ba lance without 
qu estion . David H, Ahl . Pub li sher 

FOR FASTER RESPONSE 
You can phone you r subscription orders to us at 
(201) 366-5617. Our fines are open from 9 am t04:30 
pm EST, 

r- --------------------, 
SUBSCRIPTION ORDER FORM 

Type Term USA 
Individual l-Year o S 8 

3-Year 0 21 
Lifetime 0 300 

Institutiona l l-Year 0 15 
3-Year 0 40 

o New o Renewa l 

o Cash, check, or M.O, enc losed 

Foreign 
o $ 10 
o 27 
o 400 

o 15 
o 40 

OBankAmericard Card No, _________ _ 

o Master Charge Expiration date _______ _ 

o Plea,se bill me (S1.00 bi ll ing fee will be added) 

Name 

Address _ _ _ _____ _ _ _ _______ _ 

Cily ________ _ _ State ___ Zip _ _ 

Send to: Creative Computing, Department B-21 
P,O , Box 789·M. Morris town. NJ 07960 - -_._-------------------



Guess who just bought Oltr 
new MicrofloppY for $1095 

including software? 
Plug-compatible 
for $1095 
iCOM's brand new Micro
floppy@) isspecificallydesigned 
for the personal computer 
user. It's smaller, using the 
new 5V4-inch diskette, and is 
priced at only $1095 including 
disk drive, power supply, 
cabinet, controller/ interface 
card, all cables and connec
tors, ~Ius, on diskette, iCOM's 
new FDOS-M software, 
including assembler, editor, 
and file manager. And for a 
limited time; you also get an 
8K Disk BASIC package at no 
extra cost. 

Best of all, iCOM's Microfloppy@) is 
fully assembled and tested . It's 100% 
compatible with Altair, IMSAI, Poly 88 
and other microcomputers using the 
Altair bus format. 

' Offer good through April 15, 1977 

Much faster than a cassette 
This compact, economical Floppy . 
Disk System is 10 to 15 times faster 
than a cassette. Programs can be 
loaded in seconds, a source program 
of several thousand characters can 
be corrected and a new file stored on 
diskette in less than a minute. Any of 
up to 175 files can be reached in 
1.5 seconds. 

iCOM - the leader 
We've been building Floppy 
Disk Systems for micro- . 
comp'uters for nearly three 
years. Thousands of our 
systems are operating per
fectly in the field. Many major 
computer manufacturers have 
incorporated our Floppy Disks 
into their systems. We deliver, 
and we'll be around to give 
you service whenever you 
may need it. You see, we're a 
division of Pertec Computer 
Corp., one of th!3 largest and 
most respected manufact

urers of peripherals, microsystems, 
data entry products, and data 
processing systems. 
So you don't need to risk getting 
burned by a fly-by-night company. 
Order an iCOM ® Microfloppy@) and 
be sure of getting the best. 
See iCOM's Microfloppy@) now at 
your local computer store. Or contact 
us for the name of your dealer. 

icrnnm® mIC~OPE~PHE~lS® 
a division of Pertec Computer Corporation 

6741 Variel Ave ., Canoga Park , CA 91303 U.S.A. 
(213) 348-1391 TWX 910-494-2788 



Continued from page 32 

bibliographic information about a manu
scrip t and the second containing the 
present working text buffer. Or consider 
the problem of remembering one section 
of code while editing a program elec
tronically - then altering a second por
tion at a different place. The idea of 
multiple text editing windows via sepa
rate displays is a very powerful concept 
which is well worth exploring. 

As to split screen displays where lines 
are intended to span several screens 
there is a fundamental problem: Th ; 
gap between the display tubes interferes 
with one's scanning of the tex t . .. C H 

YET ANOTHER DEFINITION OF THE 
WORD BYTE 

.. . AND BAR CODE COMMENTS 

In reference to Thomas P Bishop's 
lette r ( page 77/, published in November 
1976 BYTE : One of my pet quirks is 
labe l ing things. Like so man y authors of 
tod ay 's co mputer tex ts, I put a label on 
eve ry thing. I wou ld, however, li ke to 
clar i fy the meaning of the term by te; so, 
in th at con nection, I have a Qit (eight to 
be exact) of in for mation. Acco rd ing to 
Donald E Knuth, the father of many of 
today's algorithms, a byte is not related 
to IBM (it is about the only thing in the 
comput ing wo rld whic h isn't) but rather 
it is a universal co ncept. . 

Th e basic unit of information is a 
byte. Each byte contains an un
specified amount of information, 
but it must be capable of holding at 
least 64 distinct values. That is, we 
know that any number between a 
and 63, inclusive, can be contained in 
one byte. Furthermore, each byte 
con tains at most 7 00 distinct values. 
On a binary computer a byte must 
therefore be composed of six bits; on 
a decimal computer we have two 
digits per byte. 

This is an i tem of in for mation wh ich 
is invalu able, or shou ld be in va lu ab le to 
Mr Bishop, sin ce I have just rel ieved his 
"p light." Furth ermore, Mr Helmers 
shou ld also be pl eased, si nce now an 
exp lanation has bee n f ound for the name 
of the magaz in e he created. 

I am extreme ly pleased with the 
quality and qu antity of BYTE, and I 
woul d li ke to say "keep asse mbling, 
co mpiling and in terp reting these fas
cin at in g bits, bytes and word s of data," 
ie: good work , and keep i t up ! 

On e las t qu es t ion: Do y ou know of 
any co mpany presentl y manufacturing a 
hand-h eld sca nner capab le of reading th e 
future bar codes which will be published 
by BYTE ? 

R H Beinert 
223 Du Rose Ter 

Madison WI 53705 

See the letter by W Buchholz [Feb
ruary 1977 BYT E, page 144 1 and note 

THE L[]f:1PUTER ' R[][]f:1 
SMAll COMPUTER SYSTEMS. SOFTWARE. AMATEUR RADIO EOUIPMENT 

1455-A So. 1100 E. Salt lake City, Utah 84105 Phone: 801-466-7911 

"WE TAKE THE 

\\\'~1~\\' OUT OF THE f:1~LR[] " 

One Of The Nations Largest 
Full -Service Computer Stores. 

Over 1600 Square Feet Of Sales 
And Service Facilities. 

WHEN YOU WRITE FOR OUR CATALOG AND ENCLOSE$1 TO 
HELP DEFRAY THE COST OF HANDLING AND MAILING, 
HERE'S WHAT YOU GET: 

1. A CERTIFICATE GOOD FOR $2 ON YOUR NEXT 
PURCHASE ..... . . .... . . . ... ...... .... .. . ............... .. . 

2. THE CCll':1tJUTEA ACl[]1':1 EASY TO UNDERSTAND 
CATALOG COVERING . . .. .... .. . . .... . . . . .. ............... . 

IMSAI 
THE DIGITAL GROUP 
POL YMO RPHIC SYSTEMS 
SOUTHWEST TECHNICAL PRODUCTS CORPORA TlON 
TECHNI CA L DESIGN LABS 
ETC. 

3. THE C[]I':1PlJTEA A[][]1':1 "EASY GUIDE" TO HELP YOU 
PICK THE RIGHT SYSTEM, PERIPHERALS, COMPONENTS, 
AND SOFTWARE FOR .. . ....... .. . .. . .. .. . .. ....... ....... . 

THE BEGINNER 
THE ADVANCED 
THE EXPERT 
THE SMALL BUSINESS 

4. A CURRENT LISTING OF PRESENTLY AVAILABLE 

SOFTWARE 
PUBLICA TlONS 
PERIPHERALS 

5. INFORMATION ON REPAIR SERVICE, LOW COST 
CUSTOM PROGRAMMING AND OTHER SPECIAL SERVICES. 

AT THE C[]I':1PlJTEA A[][]1':1 YOUR WRITTEN QUESTIONS 
ARE HAPPILY RECEIVED AND PROMPTLY ANSWERED ..... . 

WE ALSO STOCK A COMPLETE 
LINE OF AMATEUR RADIO EQUIPMENT 

BANKAM ERI CARD . . ... . .. . .. . ...... . .. .. . .. . . .. .. MASTER CHARGE 
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also that your quote from Knuth makes 
no referewe to the origin of the term 
but simply generalizes the definition to 
mean any mouthful of data with greater 
than 6 bits in a binary representation. 

Th e scanners have not yet been pro
duced in commercial form, but we have 
been contacted by se l/eral fi rms in 
tending to do so. Th e first firm which 
achieves the $20 scanner (or at least th e 
same order of magnitude price) capable 
of tral1Sforming bars as small as 
0.07 inch (0.25 cm) in width into TTL 
level signals will most likely get very 
good pUblicity as the prize for winning 
the race. We intend to support the 
concep t, with good software starting 
wi th Jack Emmerichs' assembler pub
lished in this issue of S YTE and inter
preter and monitor software as well as 
miscellaneous applications, fun and 
games. As a rule of thumb, PAPER
S YTESTM products will be distributed 
in both so urce li sting and object bar 
code forms unless speci fic arrangem ents 
to the contrary are made by program 
authors. 

CODE DECODED .. . 
COMMENTS ON MORSER 

hope I 'm not too late to ge t m y 
vote in for Grappel and Hemenway 's 
Octo ber 1976 arti cle, page 30. I beli eve 
it was the best I 've eve r seen in BYTE 

and I look fo rw ard to every issue. I 
phoned Mr Grapp el to thank him per
so nall y, but I 'm sure he'd ju st as soo n 
have th e $100 awa rd. 

I enjoyed thi s art icle because it des
cribed a simp le star t in g po int for what 
can be an alm ost unsol va bl e problem. 
Th e bigges t obstacle in any accomplish
ment is usuall y gett in g started . I sU's
pected there we re othe rs w ho thou gh t 
about such an idea bu t let the possib le 
co mpli cations keep them from w ritin g 
that. first li ne of co de. I've made some 
changes to th e program but I reall y 
app rec iated bein g po inted in th e ri gh t 
direct io n. Thank s to all. 

In my co nve rsa ti on w ith Mr Grappe l , 
he sugges ted a rep lacement for the all 
important audio in put process ing circuit 
des igned aro und the N E5 6 7P LO tone 
decode r. I had ve ry lit t le lu ck with th ese 
tone decode r chips. L ow noi se immuni ty 
seems to be their problem. Mr Grappe l 
sa id til e one in QST, November 75, 
page 15, looked mu ch mo re prom ising. I 
built this unit up and had co nsid erabl y 
more success. Th e unit in the QST articl e 
by Th om as Rile y uses a bandpass f ilter 
wh ich I Il ave not yet in co rporated and 
st ill have obtai ned good resu lts. Th e 
signai still has to be pretty clean but the 
Schm itt trigge r or th e OST circu i t has 
much' more immuni ty than th e to ne 
decoder. Wh en the f ilter is added I 
expect to see more improvement. I 

VECTORBORO®'TENTH/TENTH HOLES MOUNT: 
DIPS, SIPS, KLlPS, CHIPS 
PINS, POSTS, POTS, PADS Save Work - Time - Money 
RCs, ICs, PCs, SCs 

Pattern "H" 

"";il- no ~ 
8800V MICROPROCESSOR PLUGBORD 

1 ••• •• Fits 
•••••• . 062" .042" T •••••• Holes Dia. ......... \ --lI-

• • • • • 0.1" --J I- IJ ..... 1········· ••••• • •••••••• 
--11--.062" T. • • • • • • • • Cia. • •••••••• 

• • ~RMnU'LS • 

•• 'e ~ • .. ; . ~ . 
• • ~ "",~:,:'" ~ (Compon ent Side with Added Sockets) 

Pattern uP" 
'" 

TO rn O~ ?' HOLES 

Has 100 contacts on 0.1" centers, is 10" wide by 5.313" 
high. Has heavy tinned back-to-back buses, overall 0. 1" 
spaced 0.042" hole pattern. Socketed models available. 

WIDE SELECTION OF 

MICRO-VECTORBORO ® "P" - 0.042" 
holes match DIP leads. Epoxy glass, or 
glass composite, paper, copper clad. Also 
1/64"to 1/16" thick and 1 0" max. width. 

VECTORBORO "H" - For larger termi
nals, leads. Available in epoxy glass sheets 
4.8" to 8.5" wide and 8.5" to 17" long . 
1/32" and 1/16" thick. 

SIZES AND MATERIALS 

TERMINALS - Complete selection of 
wire wrappable and solderable push-in 
terminals for 0.042"and 0.062" dia . ho les 
- plus wiring tools available. 

PLUGBOROS - For solder or wrap wire 
construction 2.73" to 10" wide and 4.5" 
to 9,6" long. With holes .1 "x . 1", .1"x 
.2", .2"x .2", or loaded with I C sockets. 

Send for co;"plete literature 

(f)"", 
ELECTRONIC COMPANY, INC. 
12460 Gladstone Ave ., Sylmar CA 91342 
(213) 365-9661 - TWX (910) 496-1539 
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toyed wi th the id ea 'of getti ng m y 
computer a code proficiency ce rtifi ca te 
from W1AW when it copied a minute 
so li d at 20 words per minute. That was 
much better than norm al. Th e rece ive r 
noise was qui et and the W 1 A W signal 
was quite st ro ng. 

Incidenta ll y, the only ICs used in th e 
impro ved audio processor are a pair of 
NE5 55s (U 33, U32) and an LED. Out
put is in the right se nse at pi n 3 of U 33. 
M iss in g pin number 7 on U 32 must be 
t ied to pin 6 or i t w ill never work . 

Pl ease keep up the good wo rk of 
BYTE . I hope these next three yea rs are 
hal f as interestin g as th e first. 

Bill Benn ett K3TNM 
1908 Foxho und Ct 

Severn M D 21144 

COMPUTER COURSES WANTED 

I completed three years of act ive 
duty in the US Army approx imately 
2-1/2 years ago. During th is 2-1/2 years, 
I have been keeping an eye out for an 
educational program in wh ich I co uld 
app ly my V A benefits. 

Since I am very interested in owning. 
a person al computer wi th CRT, disk 
drives, etc, etc, and learning about the 
principles of the processor and all of its 
supporting and peripheral equipment, I 
would li ke to f ind a course to which I 
could app ly my VA ben efits along these 
lines. Do you, one of BYTE 's reade rs or 
adve rti sers, know of such a co urse or 
cou rses? 

I f a co mp any co uld develop such a 
course around its co mputer and periph
eral kits, i t cou ld expand its market to 
those who are very interested in personal 
size computers, but do not have the 
knowledge and /or funds to own one at 
the present. 

I would ap preciate any help fro m 
anyone who co uld get me in co ntact 
wi th such a cou rse. 

John A Whitney 
3644 Parkway PI 

Shreveport LA 711 04 

1802 USERS CLUB WANTED 

ju st rece ived the Novem ber BYTE. 
Wow! Some good coverage of video 
graphics . Keep the "display" articles 
coming. (Th ere may be a few that fe l t 
th ere was too much emp hasis on 
graphics; but on the other hand, I' d 
wager the majority co uld sta nd a lot 
more. ) 

I'm one of those "homebrewers" and 
am in the m idst of getting m y comp uter 
ac t toge th er. I t w ill be hou sed in an 
attache case, use an RCA '1802 proc
esso r, 4 K (minimum) or prorammable 
memory, a keyboard, TV and cassette 
recorder interfaces, of course. Every
thing poss ibl e wi ll be CMOS logic to 
minimi ze power suppl y req uirements, 
w i th ei ther 110 VAC or battery powe r. 

I was someday go ing to get into 
person al computing; then the August 



1976 BYTE b it me w ith S ud ing's te le
vision disp lay dev ice . I studied i t 
thoro ugh ly to learn al l the req ui red 
signa ls to ge ne rate te levis ion video. Th e n 
I converted the design to m y requ ire
ments: CMOS whe rever poss ible, a s ingle 
suppl y character generator using +5 V 
on ly , 2 '1 L02s fo r memory, etc . My res ult 
now takes 26 chips in stead of 32, cost 
$45 in parts inc lu d ing the c rysta l and 
w ire wrap board (fou nd in a surplu s 
shop) and draws o nl y 5 V at 250 mA. 

Now, a quest ion: Is the re anyo ne o u t 
there using the RCA 1802 processor chip 
or is it too new for the hobb y ist? Cou ld 
yo u print a short request for responses 
from any 1802 users? I th ink th is may 
be of interest to many others besid es 
myse lr. 

Har le y Shanko 
Apa rtm ent 209 

15025 Va now en St 
Van Nuys CA 91405 

ON USING BURIED GOLD 

don't own a n Altair 8800 or w hat
eve r (yet), but I do h ave an SR-52 of my 
very own and I was pleased to see " The 
Buried Gold in the SR-52," by C lif Penn , 
page 30, and "Desk Top Wo nders," 
page 92, in the Decem bel' BY T E. When I 
heard about th e hidd en goodies in the 
SR-52 three month s ago, I wrote to Texas 
Instruments an d received a prompt rep ly 
with a pr inted sheet givin g much the 
same dope on the regis ters as in C lif 
Penn's story. A lthou gh the first leve l of 
the stack is add ressab le as R60, it ac tu ally 
cannot be used if yo u a re do in g any 
arithmeti c with dy adic operators (p lu s, 
minus, times, d ivided by, y to - th e x 
power or x root of y) because the num
be r on the left hand side of the operator 
is written into the first leve l of the stack 
(regis ter 60). So in most cases only R61 
to R69 are avai labl e. Thi s I fo und from 
persona l tin kering. 

Wou ld it be possib le to publish the 
address of the SR-52 Use rs C lu b and 
52 Noles? For tha t m atte r, I think it 
wou ld be a good feature to p ub lish a list 
of users' g roups fo r t he va ri o us m ic ro
comp uter systems and programmab le 
calcu la tors. 

Th e big adva ntage of programmable 
calcul ators is th at they are portable. But 
are they inexpensive in ter ms of comput
ing power per do ll ar? Polymorph ic Sys
tems offers a ready to run sys tem with 
an 8080 based processor, 8 K me mory, 
video interface, cassette interface, key
board, telev ision monitor, casset te re
corder, BAS IC and an assemble r fo r 
$1750, or abou t s ix times the li s t of an 
SR -52 . Th e Pol y 88 is faster by several 
tim es and has severa l tim es th e program 
ming capac ity, not to me ntion the a bility 
to hand le nonnumeric d ata , a nd can be 
expanded . I wo uld say yo u get more 
than six times th e computing power . 
There are certain ly less expe nsi ve sys tems 
in ready to run or k it form ava il ab le 
f rom other manufacturers. 

Texas Instruments, I 've he a rd, has a 

COMPLETE 
FLOPPY DISK SYSTEM 

FOR YOUR ALTAIR/IMSAI 
$699 

That's right, complete. 
The North Star MICRO -D ISK SYSTEM™ uses the Shugart 

minifloppy ™ disk drive. The cont roll er is an S-100 com
patible PC board with on -board PROM for bootstrap load. It 
can contro l up to th ree dr ives, either with or without 
inter rupts. No DMA is req uired. 

No system is complete without software: we provide the 
PROM bootstrap, a fil e-oriented disk operat ing syste m (2k 
bytes), and our powerful extended BASIC with seq uential 
and random disk file access ing (10k bytes) . 

Each 5" diameter diskette has 90k data byte capacity. 
BASIC loads in less than 2 seconds. The drive itself can be 
mounted inside yo ur computer , and use your existing power 
supply (.9 amp at 5V and 1.6 amp at 12V max). Or, if you 
prefer , we offer a power supply ($39) and enclosure ($39) . 

Sound unbe lievable? See the North Star MICRO-DISK 
SYSTEM at your local computer store . For a high -performance 
BASIC co mputing system, all you need is an 8080 or Z80 
computer, 16k of memory, a term inal, and the North Star 
MICRO-DISK SYSTEM. For add it ional performance, obtain 
up to a f actor of ten increase in BAS IC execu ti on speed by 
also ordering the North Star hardware Floating Point Board 
(FPB-A) . Use of the FPB -A also saves about 1 k of memory by 
eliminating software arithm et ic routines . 

Included: North Star cont roll er kit (highest quality PC 
board and components, sockets for all IC's, and power regula
tion for one drive), SA-400 drive (assemb led and tested), 
cab ling and con nectors, 2 diskettes (one containing fil e DOS 
and BASI C) , co mplet e hardware and software documentation, 
and U.S. shipping . . 

MICRO -DISK SYSTEM ... $699 
(ASSEMBLED) .. . . . .. $799 

ADDITIONAL DR IVES ... $425 ea. 
DISK ETTES . . ... ....... $4.50 ea. 
FPB-A ... . ..... . . .. ... $359 

(ASSEMBLED) .. .. ... $499 

--

T o p lace ord er, send 
check, money order or 
BA or MC card # w ith expo 
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tified checks require 6 
weeks processing. Calif. 
residents add sa les tax . 

NORTH STAR COMPUTERS, INC. 
2465 Fourth Street 
Berkeley, CA 94710 
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super SR-52 desk top mach in e call ed the 
S R-61. Could you run a p roduct descrip· 
tion on it in a forthcom in g issue of 
BYTE ? 

William R Hamblen 
946 Eva ns Rd 

Nashville TN 37204 

SR-52 Users Club is at 9459 Taylor
ville Rd, Dayton OH 45424, (573) 
233-3698, and publishes 52 Use rs Notes 
monthly . 

A CALCULATOR USER'S 
COMMENTS 

As a member of the SR· 52 Use rs 
Club, I was pleased to read " The Buried 
Gold in the SR·52" by Clif Penn, 
page 30; also "Desk T op Wo nd ers -
Shoo ti ng Stars," page 92; and let te r 
"New Product: Snob Detec tor" by Craig 
Pearce, page 53 , in the December BYTE 
# 16. I hope you have more on the SR·52 
as we ll as other programmable calcu lators 
such as the SR·56 and the Hp·25 . 

I think that the idea of machine read
ab le printed software on page 12, etc, of 
the same issue of BYTE is a great id ea 
and shoul d be a great help in the produc
tion of lo w cost software. I t shoul d also 
be a good idea for software for program-

mabie ca lculators. Those programmabl e 
calculators th at are not key board pro
grammable onl y are programmed by 
magn etic cards excep t for some of the 
"super" ca lcul ators such as advanced 
members of the HP-9800 series . Mag
netic cards are small and easy to lose. 
They are expensive as compared to yo u r 
new form of p rin ted software. Th ey can
not be dup li cated as easi ly as printed 
softwa re. They can lose a bit or two over 
a long period of time, but printed soft
ware shou ld last longe r and it shoul d be 
more obvious whe n so mething is wrong 
with a printed program , also cheaper to 
rep lace. A low cost optical reader is 
needed to make the idea of machine 
read able prin ted softwa re economical. 

I have recentl y bee n read in g Compu
ters at Large by Char les J Sippi and 
Robert Bullen (Bobbs-Merri ll, NY 1976). 
Starting at the begi nnin g 'of chapter four, 
"The Robots are Com in g - and Gi ants 
T oo," th ere is a desc ri ption of a robot 
that can learn routines by having the 
operator run the machi ne th rough a 
routine manu all y, once, and the machine 
has "learned" th e routine and can repeat 
i t as i t was done the f irst time. I n doing 
this the robot has "w ritten" a program 
and develope d an algo rithm for the rou
tine. I t has done this a lot qu icke r than a 
hum an being could do it and a lot 

WANT TO HOOK UP 
A CIRCUIT QUICK? 

The PB-100 is only one of our 
family of solderless Proto-Board 
breadboarding units, designed to 
help you assemble, test and modify 
circuits as fast as you can push in or 
pull out a lead. Preassembled 
sockets with durable 5-point 
terminals prov ide low-resistance 
interconnections you can arrange 
and re-arrange at w ill. 

Resistors, capacitors, transistors, 
DIP's, TO-5's, LED 's etc. plug in 
without damage to leads. And 
jumper connections, where required, 
are lengths of #22 AWG solid w ire. 
Models from 630 to 3060 tie-point 
(6 to 32 14-pin DIP) capac ity 
available. For more information , see 
your esc dealer, or write for our 
catalog and distributor list. 

Proto-Board ® 100. 760 solderless 
tie-points. Kit, $19.95* 

© 1976. esc 

CONTINENTAL SPECIALTIES CORPORATION =$= EASY DOES IT 
44 Kendall S treet. Box 1942 

N ew Haven. CT 06509 . 203-624-3103 TWX: 710-465-1 227 
West Coasl o ffi ce: Box 7809. San Franc isco. CA 

94 11 9 .41 5-421-8872 TWX: 910-372-7992 
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cheaper, too. I t seems to me that this 
idea could be expanded for mathematical 
modeling and simul at ion, beyond its 
or iginal use for indu str ial routin es. 

David W Johnston 
POB 3781 

Washington DC 20007 

ITTY BITTY? 

I'm writing you in regard to your 
September issue editorial , "Come One, 
Come All!" , page 6. 

In your art icle you mentioned Ted 
Ne lson an d hi s "itty bitty machine 
corporation ." I would li ke to know how 
I can communicate with Mr Nelson . 
Could you please send me his mail ing 
address. 

Your respo nse to my request would 
be great ly appreciated, as I don't kno w 
when or if I ' ll get y our magazine again . 

Ira Ford 
19826 48th Av W 

# L-9 
Lynnwood WA 98036 

See the advertisemen ts for i tty billy 
and Data Domain beginning in January 
BYTE on page 63. 

WHERE'S A TWO ADDRESS 
MACHINE ? 

Will there ever (in the next few years) 
be a two address mi crop rocessor on the 
market? I have been using (in school and 
in work) several of the NCR Century 
series co mputers, wh ich by the way are 
two address machines , for the past five 
years . I have also used si ngle address 
machines tie: Altair 8800, IBM 1130 and 
CHI 2130} , but ge nerally I have found 
them a pain to work w i th after the NCRs. 
I ju st can't see the point of having a set 
of 78 hardware commands to perform 
memory to register, re'gister to register 
and register to memory functions when 
a se t of 39 memory to memory co m
mands are suffi cient. OK, I ' ll adm i t it 
is unfair to compare a medium scale 
co mputer with a mini or microprocessor, 
but, the NC R line was developed for the 
7968 sales market without the LSI tech 
niqu es now in use . There is place for 
both the si ngle and double ad dress 
mac hines, bu t I feel the ease in program
min g of a two address processor makes it 
fa r supel'ior to a single address processor. 
I am not putting the singl e address 
mac hines down, but I feel they are for 
the same people who would prefer to use 
an RPN calcul ator when there is an AOS 
calcu lato r avail able. Let the machine 
work fo r you! A nyway, I haven 't bou gh t 
a micro ye t because I am wai tin g; I have 
a fee ling i t will be a long wait, for a two 
address mac hine.CA N ANYONE HELP?? 

J on Kirkpatri ck 
Full erton CA 

Want a two address machine? Take a 
loo/? at a microprogram oriented archi
tecture using contemporary bipolar 
microconlro/lers such as Signelics 8X300 
or A MD 2900 series paris. Then do your 
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MICROCOMPUTING FOR HOME AND THE SMALL B.USINESSMAN 

The professional publication bringing microcomputing technology to the hobbyist, small businessman, educator, 
engineer and student. Every issue edited to bring technology and people together in the simplest manner. 

INTERFACE AGE is packed with • HARDWARE ARTICLES - Product profiles, comparisons, 
applications, modifications and construction pro
jects. 

• SOFTWARE ARTICLES - Microcomputer development 
software, short software routines, application 
software, off-line software storage formats, software 
communication standards and access to the 
microcomputer software depository for all INTER
FACE AGE readers. 

• TUTORIALS - Fundamentals of micro processors, basics for 
microcomputing, professional to technical transition 
information, understanding software, elementary 
math for computing . 

• NEW PRODUCTS - Manufacturer profiles and latest 
product releases. 

• USER COMMUNICATION - UPDATE - devoted to 
club and organization announcements 
and activities. - LETTERS TO THE 
EDITOR - Reader forum for expression 
of opinions and feedback on articles and 
features . 

• MICRO-MARKET/FIFO FLEA MARKET - Low costlno 
cost advertising for the new 
marketeer/garage sale enthusiast. 

If you need to know how to get started in microcomputing or need the valuable software once 
your system is completed then INTERFACE AGE is a must for you. 

Don't Delay - Subscribe Today! 

I
INTERFACE AGE MAGAZINE 

I 
I 
I 

P.O. Box 1234 
Cerritos, CA. 90701 

o CHECK 

12 Monthly Issues: 
$10 U.S., $12 Can .lMex., 

$18 International 

o MONEY ORDER 
Name __________________________________________________ __ 

Address, ________________________________________________ _ 

City __________________________________ _ 

I 
L_ 

State, ____ Zip, __ _ 

Country ________________________________________________ _ 

MAKE CHECK PAYABLE TO: INTERFACE AGE MAGAZINE 

-- --.-- -- -- -- -- -- --
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I 
I 
I 
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own microprogramming and machine 
architecture design to make a usable sys
tem out of the parts. 
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THE ETYMOLOGY OF HAM? 

In the ' October BYTE, ,page 20, you 
published a letter from Bryan Patterson. 
In Mr Helmers' reply, he stated "ham" 
came from the tendency to "h am it up" 
on the air, as in the usage of "ham 
actor." The term "hams" came from the 
fact that in the early days of amateur 
radio, th e governm ent was trying to 
eliminate the use of rad ios for hobby 
purposes, and the four operators of one 
of th e first stat ions that led the fight 
against the government were named 
Harriet, Arthur, Mark and Stanley; thus, 
the term hams came from the first letters 
of their first names. It then evo lved in to 
i ts present meaning of a radio amateur. 

George J Valaitis 
647 Linkfield Rd 

Watertown CT 06795 

WANTED: COMPUTER PERSON 

• A"l 

VJ • ) . r ,,<>0<'", 
W I-\I'l KCi;'mIC S 
(,)2.. 

I have subscribed to your magazine 
sin ce the first issue and find the world of 
microcomputers fasc in at in g. As yet I 
haven't built anything or purchased any 
hardware. I am still undecided as to what 
to do, what to buy, what to build ... 
but I would very much like to get into 
this. 

11 ~ 1kl "'lD 

• ~c ~(\<f TO l, f<" ~ \J7 0 ,J " NY 
) 
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See page 58. Would you print th is in your maga-

Make the HAL Connection 
• 8080A MPU 
• 1K Monitor/ Debug 

Software in 
2708 E PROM or 
2-3624 PROMs 

• On board space 
for: 4K ROM 
(2708),2K RAM 
(2102A-4) 

• 24 lines of 
Parallel 1/0 (8255) 

• Hardware "front 
panel" on board 

• Optional 
Accessories: 
CRT Terminal 

Board, BASIC in 
EPROM, Audio 

Cassette Interface, 
• TIY Current Loop or 7K RAM Expansion Boardl 

RS-232C serial 1/0 (8251) EPROM Programmer, Power Supply, 

MCEM-8080 from $375 (2-3624 ROM/ 1K RAM) or$445 as shown (2708 EPROM/2K RAM) 

and solve your lab or OEM computer problems 
1, Connect to the 24 lines of Parallel I/O puter system elements are incorporated in 

and ASCII or Baudot Serial I/O , this fully assembled, tested single-board 
2, Connect to processor bus to add mem- computer, Some unexpected features of 

oryexpansion board / EPROM program- the HAL MCEM-8080 are: hardware " front 
mer, 110 devices, or our unique CRT panel" which allows setting a breakpoint 
Terminal Board , and manual control of the computer; 1K 

3, Connect to our power supply or use ROM Monitor/Debug Software (with user 
your own, ca llable, Intel@compatible I/O routines) 

Lab users and OEM's alike will find solu- which great ly simplifies program develop-
tions to their computer problems with the ment; Parallel and SerialllOon the board; 
MCEM-8080 computer. All essential com- and very reasonable prices, 

Call or write forfurther information on the HAL Connection, 
You'll be glad you did! 

I1IJ HAL COMMUNICATIONS CORP. 
Box 365B 807 E. Green Street, Urbana, III. 61801 
Telephone (217) 367-7373 
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zin e in hopes that someo ne near to me 
wi th an operat in g computer wi ll contact 
me? I would like to see one runn in g and 
talk with someo ne as interested as I am 
who has some ex perience with his own 
eq uipm ent. I am a ham radio operator, 
WA2TOI, and can be reached almost an y 
time through the Gloversville 10-70 re
peater or Cobleskill 01-61 repeater. 

Also, if there is anyone in my area 
(50 miles west of A l ban y NY) who 
might be willing to help me get in to this, 
I wou ld appreciate a phone ca ll or card. 

Thank you for your interest and 
coo perat ion. 

Jim Faliveno 
Caroga Lake Stage 

Gloversville NY 12078 
(518) 725-2012, evenings 

THE PERSONAL COMPUTING 
DIRECTORY , ANYONE? 
(AND OTHER TOPICS) 

Allow me to co ngratu late you on 
you r exce ll ent journal. It 's tile only 
pub li cation I 've ever anxiously wai ted 
for every month. 

I have a proposal: Someone like 
yourse lves shou ld publish a directory of 
computer hobbyists. You might ca ll it 
someth in g like Register 77. The direc
tory would list anyone owning, having 
access to, or just interested in com 
puters. It might also li st c lub s, The 
directory cou ld be organi zed so that one 
cou ld "key" on a person's name, address 
or microprocessor, Each name entry 
cou ld contain information about the 
person. The fo ll ow ing is an exam pie of 
the information that might be conta ined, 
using myself as an example. 

Name: 
Larry J Leone 

Age: 
22 

Address: 
48 Second St 
Masury OH 44438 

Phone: 
(216) 448 -1 252 

Occu pation: 
Senior electr ical engineering 
studen t, Youngstown State 
Uni ve rsi ty 

Languages: 
FORTRAN, SNOBOL 4, 
BASIC, PL-1 

System: 
Constructing IM61 00, 1 K RAM, 
access to IBM VM/370-145 

Interest: 
Artificial in te lli gence, robotics 

I wou ld im agin e that many of the 
people th at would subm it their names to 
the directory would have access to a ke y 
punch. If you set up a card format then 
they co uld send you the cards and all 
that yo u need to do is feed them in to a 
card reade r and let the com pu ter do the 
wo rk. 

I don't believe there should be a wa ll 
between large and small computer sys
tems, because they all work basically the 
same, I th ink some art icles should be 



about research work w ith large systems, 
how they are be ing used, and how they 
perform certain operat ions or fu nctions. 
What I 'm get ting at is why rein vent the 
wheel when one can copy it; or, in this 
case a small system can mimic a large 
one. These k inds of art icles sho ul d trans
mit st imul atin g ideas to the computer 
hobbyi st. 

Conce rning the con trove rsy ove r 
whi ch micro is the best micro, I say any 
m icro is better than no micro. I happen 
to be the proud owner of an IM 6100, 
although if I had the money I wou ld 
have a Z-80 with 64 K, but that's LI FE . 
I'm building my system from the micro 
up a li ttle at a time ; therefore it w ill 
most likel y be incompat ibl e w i th every 
other sys tem, but that doesn't bother me 
either because i t's ' all mine. I 'm iust 
happy to have someth in g that was on ly a 
dream to anyo ne f ive or more year~ ago. 
I don't care how advanced a micro is; 
what more can one micro do ove r 
another in 4 K or less memory? At least 
I can ge t a mountain of cheap software 
made to run in 4 K for my system . Not 
eve ryo ne can make that statement. Re
member a compu ter is only as good as its 
software. 

A word concerning the Morse code 
articles of th e October issue: I would n't 
be subscribing to BYTE if I wanted to 
read that type of art icle. I think the 
art icles shou ld have bee n spread through 
severa l issu es or bette r ye t se nt to the 
ap propriate magazine . I'm not cr iti cizing 
the co ntents of the art icles since I onl y 
glanced at them and quickly becam e 
uninteres ted in the topic. I 'm sure yo u 
didn't mean this to happen but I know 
several friends who fee l the same way. 
To help yo u from doing this, I am 
willin g to attempt to write an article if 
you could suggest some topics that yo ur 
readers want to read about. 

At any rate , I do like the way you 
group simil ar articles into one issue. 
Keep up the good work. 

Larry J Leone 
48 Seco nd St 

Masury OH 44438 

PS: Concerning the photo on page 96 of 
the Decembe r issue: I would guess it to 
be conductive foam used to ship ICs li ke 
CMOS. 

Problem: How do y ou explain to the 
kids that are growing up in a world of 
digital clocks that someth in g rotates 
clockw ise? {Good point ... Consult a 
physics tex[ and talk about the right
hand rule and the cross produc I 
nOI exaclly a perfect solution./ 

I I turns out Ihat someone is busily at 
worl? on juSI such a directory. His name 
is Richard Gardner, and his address is 
Resources, POB 734, Harvard Square, 
Cambridge MA 02738. 

On a similar subject, PCC (Box 370, 
Menlo Park CA 94025) is preparing a 
Reference Book of Perso nal and Home 
Computing for release this spring. 
Contact Dwight McCabe for information 
on this $4.95 book .• 
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Less Bread, 
More Box. 

New, complete Breadboarding/Interfacing Station. 
Only $241.50! 

We took our economy 
Breadbox IV kit and did a 
complete design number on 
it ... to add accessories and 
give you far more hardware 
for the buck_ 
For example : It plugs directly 
into your Altairllmsai buss 
without special adapters . .. 
Gives you almost 3,000 
connections for bread
boarding . .. Power supplies 
(+5 & +1- 15V) built in . .. 
Available in kit or assembled 
format. All that for just $241 .50 
each in kit form. 

And to top it off, monitor the 
buss with LED or 7 segment 
displays, add an LR-6/K LED 
indicator outboard - 4 
individual LED's with driving 
circuits ($10.00 each) . And 
LR-4/K seven segment display 
outboard with driver/decoder 
($19.00 each). 

So bug out to your local 
computer store now and save 
substantial bread on this E&L 
deal. Or write us for the 
store nearest you . 
'Suggested resale price (U.S.A.). 

E&L INSTRUMENTS, INC. 
61 First Street, Derby, Conn. 06418 
(203) 735-8774 Telex No. 963536 
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DID YOU KNOW? 
Did yo u know that when you buy 
the Midwest Scientific Instru
ments FD-8 Floppy Disk Memory 
System you get ... 

• the most complete disk opet
ating system available any
where for microcomputer 
systems 

• disk routines that can be used 
easily by low level assembler 
language programs as well as 
high level BASIC programs 

• program save and load with 
named , variable length, pass
word protected files at three 
levels: object code files , 
source code files, and BASIC 
files 

• a cores ident assembler/editor 
that saves and loads source 
files from disk, assembles and 
stores object code on disk, and 
creates assembly listings on a 
high speed printer 

• a full ANSI standard BASIC 
interpreter with program save 
and load , from disk as well as 
tape , with both random and 

NEW! 
8K RAM Boards 

for SWTP 6800 

sequential disk data files . 
BASIC also has multi-I/O port 
capab ility under so ftware 
control 

• and all you have to do to 
access any of these fun ctiol" 3 
is type appropriate commands 
on your terminal. 

Here is a list of MSI dealers who can show 
you our products in action 
American Microprocessors 
Equipment & Supp ly Corp. 
Chicago land Ai rp ort, P.O. Box 515 
Pra ir ie View , Illin o is 60069 
(312) 634-0076 

Microcomputer Systems, Inc. 
144 South Dale Mabry Avenue 
Tampa , Florida 33609 
(813) 879-4301 

Micro Store 
634 South Central Expressway 
Richardson, Texas 75080 
(214) 231-1096 

Vanguard Systems Corporation 
6812 San Pedro 
San Antonio , Texas 78216 
(5 12) 828-0553 

A-Vid Electronics Company 
1655 Eas t 28th Stree t 
Long Beac h , Cal if orn ia 90806 
(213) 426-5526 

Electronics for Yachting 
1525 South East 16th Street 
Ft Lau derda le. Fl o rid a 33316 
(305) 525-3478 
TWX 510-955-9484 

High Technology 
1020 West Wi lshire Blvd. 
Oklahoma City, Oklahoma 73 11 6 
(405) 842-2021 

Computer Workshop 
174 Ifl e ld Road 
Lond o n Eng land 
SW 109AG 
01-373-8571 

Others promised but we delivered ... 
a di sk system that plugs in and run s. 

FD-8 Floppy 
Disk System Kit . $1,150.00 

FD-8 System 
Wired & Tested .. .. .. .. $1 ,395.00 

Th e new MSI 8K RAM Boards for 
th e SWTP 6800 are available for 
immed iate delivery. Th e RAM-68 
uses low power 2102 memory 
with provision for a memory save 
battery pack in case of power 
failure. 

8K RAM Board ...... $ 249.00 

MSI is a dealer for Southwest 
Technica! Products 

Mastercharge & Bank 
Americard Orders Accepted 

1-'- Send F~r New --"--, 

I FREE Catalog 1 

I Befo re ! forget . .. send me more I 
information about the FO-8 

I Memory System and you r new I 
catalog . 
Name ____________________ __ 

I Address I 
I 

Ci ty l 
State Zip____ I 

I BY477 I 
~S~1~ 

220 West Cedar • Olathe , Kansas 66061 
913/764-3273 • TWX 910 749 6403 (MSI OLAT) 



HELP: I need a schematic or any other informa
tion on a Friden 2018620, 260026 Assembly, 
PCB keyboard. I will pay for copying and a finder's 
fee. Bill Seeger, POB 2744, Keesler AFB MS 
39534, 1601 1435-4790. 

FOR SALE; New Olivetti P-101 minicomputer. 
Easily programmed, permanent storage of pro
grams on low cost magnetic cards, hard copy 
printout. Current list price, $1695. Will sacr ifice 
for S995. Free delivery. Marc Seligman, 320 Bryn 
Mawr Av, Bala Cynwyd PA 19004. 

WANTED: Low cost new or used terminal and lor 
acoustic coupler for remote use. Write Frank 
Scavo, 1811 Court St, Syracuse NY 13208. 

FOR SA LE: Dual floppy disk drive system. 
Shugart SA 3900 interface boards, two SA 800 
disk drives, al l power supp li es in rack mount 
cabinet. Like new (used less than 10 hoursl. 
Operator's manual. First check for $1,800 to clear 
takes it. Also, new Remex RRK 200048 V paper 
tape reader, $240 and new Uchida PM-30N 48 V 
paper tape punch, $300. David Crellen, 4356 
Vivaracho Ct, San Diego CA 92124. 

WANTED: Centronics 1101, 1021 Diablo, Data
point 12200, 11001, or HW , Hewlett-Packard, 
equivalent. NCR, Entrex, Univac, tubes, printers, 
disk, diskette drives. Wango, Wang, Kennedy, 
Ampex, Pertec, DEC, tape drives. In any condition, 
working units, scrap frames or just spare parts. 
Software Datapoint or HW, Hewlett-Packard, 
equivalent. Pat Snyder, POB 31, Franklin Square 
NY 11010. 

STARTING NEW CORRESPONDENCE 
EXCHANGE CLUB: Would appreciate response 
from you on any useful project with a computer, 
visual or graphic, video camera interfacing to a 
computer. Any computer printer generated pic
tures or posters ; Star Trek, Playboy, Snoopy, Cat, 
any f igu re or design on paper. Joe Penora, 920 
First Av, Franklin Square NY 11010. 

FOR SALE: RM 8080 PC board with documenta
tion and edge connector. Includes 18 MHz crystal, 
8224 clock, 8228 system controll er, 8255 PIA and 
2708 1 KX8 EPROM with system monitor, $120. 
A lso, homebrew cabinet, sloping front panel with 
keyboard cutout 16 by 10 by 24 inches fashioned 
after BUD Comp-U-Cab series with SWTPC 6800 
power supply mounted inside, $50. W T Walters, 
2820 N Newell Rd, Oak Harbor WA 98277. 

HE LP: Need schematic for automat ic electric 
AE 101 A data set, used on Model 28 KSR on the 
TWX line. Will pay for copy ing or original. Also 
Viatron 21 keyboard and main unit in excellent 
condition for sale, $300. Tom French, 404 Lee· 
ward Landing , Roswell GA 30076, 
14041993-1509. 

FOR SALE: Four Lambda regulated power sup
plies Model LB-701FM-OV. Input is 208 VAC 
3 phase, output is 0-8 VDC at up to 300 AMPS. 
Asking $300 each. Harol d W Norris, RFD #3, 
Milton VT 05468. 

FOR SALE: low power 4 K RAM boards 
assembled and tested by E E. I'm using 8 K boards 
now and no longer need these, so they're yours for 
$100 each. S Edelman, POB 91, I thaca NY 14850, 
16071272-1279. 

fYNAP: Will exchange a March 1976 issue of BYTE 
in return for either the May 1976 or June 1976 
issue in good cond ition. 0 Kay, 460 W Clapier St, 
Philadelphia PA 19144, 12151 V 19-6648. 

FOR SALE: Two new unused MFE 250B digital 
cassette transports (see BYTE # 15, page 71) with 
data; call, best offer. Also have Remexpapertape 
spooler with schematic, $25 plus shipping. Bug
Book III, $10. Processor Tech's 5 K BASIC 
manuals and tape, $10. Assembled Morrow BYTE 
standard board, $100. Gary Alevy, 480 Clintwood 
Ct, Rochester NY 14620,17 161244-11 33 . 

WANTED : Bell 103 series data sets, answerl 
.originate modes; also informati on on real time 
clock for SWTP 6800. Richard Courtney, 903 25th 
St, Marion IA 5230213191377-0616. 

FOR SALE: Altair 8800. working, hardly used, ICs 
in sockets, flat cable to front panel, $440 or offer. 
BYTE Shop T V typewriter, new, working. $ 110 or 
best offer. Dennis Feucht, 2015 SE 51 st Av, 
Portland OR 972 15 15031233-2648 or 
15031 644-0161 ext 6255. 

FOR SALE : Service manual for Selectric 10 wr iter. 
528. R Ti erney, 4944 Cass St #811. San Diego CA 
92109. 

FOR SALE: 2 Itel Dura 1041 B IB M Sel ec tric word 
processors have built-in paper tape punch and 
paper tape reader coded in EB CD IC not ASC II , 
plugs for auxiliary reader and auxi liary punch. 
Word processor contro l box controls word, line, 
sentence, paragraph, margin and automatic ed itor. 
Have operating manuals and internal logic 
diagrams. Original cost about $7000. They have 
some bugs but work. $1000, each. G Hedden 
17141545-7888 evenings. 

FOR SALE: Teletvpe ASR33 with specia l type 
wheel printing 12 characters per inch, 84 
characters per line. Load ed; X on, off controls, 
etc. Service manuals included. Works well. $750. G 
Hedden 17141545-7888 evenings. 

WANTED : Communication adaptor complete for a 
Viatron system 2 1. David L Sammet, 817 Agathon 
Dr, Evansville IN 4771 2. 

WANTED: MOS Technology 6502 res ident 
assembler or source for same. Send any informa
tion to Steven 0 Swift, 15232 5th Av NE, Seattle 
WA 98155 or call 12061 774 -2279 days, 364-3451 
evenings. 

FOR SALE: A 8080 disassembler, written in Altair 
8 K BASIC, version 3.2. Dump your programs in 
assembler format. 52 for paper tape and in struc· 
tion sheet, $.50 for listing. Chris Pettus, POS 611, 
Malibu CA 90265. 

WANTED: May and June 1976 issues of BYTE 
magazine. Wi l l pay 55 for eac h of these issues or 
will trade for December 1975, January, February 
or March 1976 iss ues of BYTE. Offer is open until 
I get one of each wanted issue. John Myers. 1556 
36th St, Ogden UT 84403 1801 I 399-2970. 

HELP: I am collecting anecdotes, interest ing ideas 
and descriptions of unusual projects concerning 
microcomputers (minis too) for a forthcoming 
book. If you're interested please send your article 
or description. It can be in very rough form; ['11 
help polish if necessary . You will be fully credited 
if material is used. Send all material to PC Davis, 
171 /2 Ackley Av. Johnson City NY 13790. 

FOR SALE: ARP 2600 synthesizer, fully recond i· 
tioned, a dream at $1250. First call gets this 
beauty. Call Lee after 6 PM EST 12011 731-6958. 

HE LP : I need Issues 1,2,3,6,7,8,9, 10, and 
12 of BYTE. Will pay any reasonable price. 
Send li st to Alex Novickis, 8358 Park Av, 
Forestvil le CA 95436. 

Readers who have equipment, software or other 
items to buy, sell or swap should send in a clearly 
typed nocice co that effect. To be considered for 
publication, an advertisement should be clearly 
noncommercial, typed double spaced on plain 
white paper, and include complete name and 
address information. These notices are free of 
charge and will be prin ted one time only on a space 
available basis. Insertions should be limited to 100 
words or less. Notices can be accepted from 
individuals or bona fide computer users clubs only. 
We can engage in no correspondence on these and 
your confirmation of placement is appearance in 
an issue of BYTE. 

Please note that it may take three or four 
months for an ad to appear in the magazine .• 
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Now. 
THE PERFECT MICROCOMPUTER 

vcc;:~ 1 
DEALERS 
EAST COAST 
Computer Mart of New York, Inc . 
314 Fifth Avenue 
New York, New York 10001 
212-279-1048 

Computer Mart of Long Island 
2072 Front Street 
East Meadow, New York, New York 11554 
516-794-0510 

Th e Computer Mart of New Jersey 
501 Route 27 
Isel in, New Jersey 
201-283-0600 

The Computer Mart 
1097 Lexington 
Waltham, Massachusetts 02154 
617 -899-4540 

WEST COAST 
Byte Shop of Westminster 
14300 Beach Blvd. 
Westminster, Ca. 92683 
714-894-9131 

Byte Shop 
18424 Ventura Blvd. 
Tarzana, Ca. 91356 
213-343-3919 

Byte Shop 
Palm Pl aza 
Thousand Oaks, Ca. 91360 
805-497-9595 

Byte Shop 
2559 S. Bascom Ave. 
Campbell, Calif. 95008 

Kentucky Fried Computers __ 
2465 Fourth Street 
Berkeley, Ca. 94710 
415-549-0858 

MIDWEST 
DATA DOMAIN -the Personal Computer Stores 

INDIANA 
(Home office) 
406 S. College Ave. 
Bloomington 47401 
812-334-3607 

7027 Michigan Rd. 
Indi anapo lis 46268 
317-251-3139 

219 Columbia 
West La fayette 47905 
(Opening early December) 

ILLINOIS 
(itty bitty machine co., inc.) 
1316 Chicago Ave. 
Evanston 60201 
312-328-6800 

42 W. Roosevelt 
Lombard 60148 

KENTUCKY 
506'12 Euclid Avenue ' 
Lexington 
606-233-3346 

3028 Huns inger Lane 
Lou isvi li e 40220 
502-456-5242 

WISCONStN 
2221 E. Capitol 
Shorewood 53211 
414-961-2430 

TEXAS 
The Micro Store 
634 S. Central Expressway 
Richardson, Texas 

717 LAKEFIELD RD., • 

WESTLAKE VILLAGE, 
SUITE F 

CA 91361 



Microcomputer Glossary 

David Price 

3901 Victoria Ln 

Midlothian VA 23113 

In this arti cle I have set down definitions 
of several computer word s which o ne is 
likely to see in BYTE. I didn't want this to 
wind up being a full bl own, un ab ridged 
dictionary, so I limited the li st to words that 
I thought would be unfamiliar to most 
"outsiders." The co mpu te r indu stry has a 
fascinating tendency toward the use of 
abbrevi ations and acronyms. These words 
are printed in capital lette rs, and are spell ed 
out within parentheses. 

ACR (Audio Cassette Recorder! interface: Perm its 
an ord inary tape reco rder to be used to sto re 
digital data. It is frequently used as a low cost 
:ep lace me nt for a magnetic tape unit. 

AD (Analog Digital) conversion: An AD converter 
measures an input vo ltage, then outputs a digitally 
encoded number corresponding to the voltage. 

Alphanumeric: Th e set of graphic symbols co n
taining the a lph abet (A-Z), the numbers (0-9), and 
specia l characte rs (such as punctuation). 

Applications program : A program w h ich does true 
problem solving, as opposed to an assemb ler, 
compil er, monitor or oth'er svstems program . 

ASCII (American Standard Code for Informat ion 
In terchan ge ). 

Assembler : Assembl e rs a ll ow the programmer to 
write programs using eas il y memori zed mnemonic 
instr uct ion s of an assembly language . 

Assembly language: A low leve l symbol ic pro
gramming language which was historicallv t he first 
programmi ng aid, and is th e simpl est type of 
language to impl ement. 

BASIC (Beginner's All purpose Symbolic Instruc· 
t ion Code ) : BASIC is a wide ly used but simp le 
beg inn er's high leve l language. Li ke al l high leve l 
lang uages, it utili zes powerful state men ts , such as 
"10 PRINT AlB" instead of machin e opcodes. 
BASIC is typ ica lly impl emented as an in te rpreter, 
which run s more slow ly than would b e the case 
with a compiled compute r language. 

124 

BCD: (Bina ry Coded Decima l) . 

Bina ry: Th e base-two number system. Th e digi ts 
are 0 and 1. They are used within a compu ter 
whi ch represents them as the two states of an 
e lectrica l circuit. The fir st five numbers (0-4) 
are 0,1,10,11,100. 

Bit: This is a contraction used to name one binarv 
digit. 

Bug : A bug in a program is something which causes 
the program to malfun ct ion . A programming error . 

Byte : A group of bits. The most common byte size 
is 8 bits . 

Chip: See integrated circuit. 

COBOL (Common Business Or iented Language ): A 
high leve l language heavil y ori ented to the use of 
files and record keeping. It replaces operation 
codes of assembly leve l languages with a set of 
powerful "verbs" resembling com mon Engli sh. 

Compiler : A co mpiler accep ts t he state m ents of a 
high leve l language , then converts them to m achine 
lang uage. 

Core memory: Many older computers u t ili ze 
memories of Ferrite or Lithium Magnetic cores. A 
core memory doesn't "forget" data. 

CPU (Cent ral Process ing Un it). 

CRT (Cathode Ray Tube) display: A type of 
terminal which di sp lays informat ion on a television 
like cathode ray tube screen. 

Data rate: The number of bits (o r bytes, or words) 
of information t rans mitted over a co mmunications 
channel per unit time. 

Debugging: Removing bugs (programming e rro rs ) 
from the program. 

Disk storage : A type of mass me mol'y w hich stores 
data on a magnetically sens itive di sk. 

DOS (Di sk Operating System ): A computer syste m 
which uses disk storage . Also refe rs to special 
softwa re rou t ines for driving a disk system . 

EBCDIC (E xte nded Binary Coded Decimal Inte r· 
cha nge Code). 

EROM (Erasab le Read Only Memory): A ROM 
which ca n be erased and reprogrammed. The 
typical contemporary EROM is erased by exposure 
to io ni zing rad iat io n such as ultraviolet li ght. 

Firmware: 1) Software w hi ch has been ha rd wi red 
into th e compute'r by sto ring it permanent ly on 
ROM , 2) Microprograms written t o e mulate a 
spe cific machine's instruction set. 



The SOROe 10120 
CURSOR CONTROL. Forespace, back
space , up, down, new line, return, home, 
tab, PLUS ABSO LUTE CU RSO R AD
DRESS ING. 

TRANSMISSION MODES, Conversa t ion 
(half and fu ll Duplex ) PLUS BLOC K 
MODE - transm it a page at a t ime. 

FIELD PROTECTION. A ny part of the 
display can be "protected" to prevent 
overtyping. Protected fie lds are displayed 
at reduced intensity. 

EDITING. Clear screen , typeover, abso
lute cursor address ing, erase to end of 
page, erase to end of l ine, erase to end 
of field. 

DISPLAY FORMAT, 24 l ines by 80 char
acters (1 ,920 characters). 

CHARACTER SET. 96 characters tota l. 
Upper and lower case ASC II . 

KEYBOARD. 73 keys includ ing numeri c 
key pad . 

REPEAT KEY. 15 cps repeat acti on. 

DATA RATES, Thumbwheel se lectab le 
from 75 to 19,200 baud. 

SCREEN, 12 inch rectangu lar CRT - P4 
phosphor. 

IMSAI + Z-80 
XIMEDIA is offering a special price on an IMSAI 
1-8080 with a TDL ZPU Z-80 board instead of the 
standard 8080 cpu, 

The system includes : 
IMSAI 1-8080 without cpu board . 22 slot mother 
board with 22 pre-soldered connectors and card 
guides; cooling fan . 

Price: 
Kit Assembled 
$ 999.00 $ 1,295.00 

XIMEDIA OFFERS A FULL RANGE OF PRODUCTS FOR 
THE PERSONAL COMPUTER ENTHUSIAST AND THE 
SMALL SYSTEM DESIGNER. LET US QUOTE ON ALL 
YOUR HARDWARE AND SOFTWARE NEEDS. 

OUR RETAIL STORE - THE COMPUTERIST tm - IS NOW 
OPEN IN SAN FRANCISCO. CALL US FOR DIRECTIONS. 

SPECIAL INTRODUCTORY PRICING 

Kit $ 995.00 Assembled $ 1,295.00 
(Price includes block m ode, lower case and 24 
line options.) 

Selectric Terminals 
$1,200.00 

AT LAST! 

An ASCII coded Selectric terminal 
with a RS232-C interface. 

Call or write us today for details. 

1290 24th Avenue. San Francisco, CA 94122 

(415) 566 -7472 _ Please call collect! 
Califo rnia residents add 6% sa les lax. Pl ease ail ow 3 w eeks fo r de li very. 



Floppy disk: Disk storage which makes use of 
flexible disks made of a materia l sim ilar to mag
netic tape. Floppy disk units are slower and hold 
less data then hard surface disks. 

Flowchart : A diagram representing the logi c of a 
computer program. 

FORTRAN (FORmula TRANslation): A computer 
lang uage useful in computational programming . 

Hexadecimal : Th e base 16 number system. It is 
commonly used when programming in machine 
language . (FD is eas ier to remember than "1111 
1101" . ) 

IC (Integrated Circuit). 

Instruction set: Th e repertoire of the instructions a 
given machine can execute. A major component of 
a computer's design. The programs of one com
puter can't run on another computer if the two 
instruction sets aren't compatible. 

Integrated circuit: A technique whereby many 
elect ronic components can be integrated and mass 
produced on a singl e chip of silicon. 

Interface : A device which a ll ows one type of 
e lectronic device to communicate with another . 

Interpreter: An interpreter accepts and executes a 
high leve l language program. Unlike a compiler, 
however, it exec utes programs on the fly, in stead 
of producing machine la nguage code. BASIC is a 
common interpret ive language. 

LED (Light Emitting Diode): LED displays are 
often used as digital output devices because of 
their low weight, cost, and s ize. 

Line printer : A high speed printer con nected to a 
computer can print data at rates often exceeding 
severa l hundred lines per minute (LPM). This is 
achi eved by printing a whole line at a time. 

Looping: A programming techniq ue used when a 
single portion of a program is to b e repeated many 
times. 

LSI (Large Scale Integration): The most complex 
form of an integrated circuit is made using LSI 
techniques. 

Machine language : Th e lowest level of pro
gramming . This is the on ly language the computer 
can understand without the assistance of an 
asse mbl er, comp il er or interpreter . 

Magnetic tape : Mass storage of data on mag
netically sensitive tape, similar to that found in 
home tape recorders. 

Microprocessor: A microprocessor cons ists of a ll 
the electronics of a minicomputer miniaturized 
onto a single IC chip . 

Mnemonic : A short word which stan ds for another 
word or phase, designed so that it is easy to 
remember (ie: "Jump to subroutine" might be 
abbrev iated "JSR"1. 
Modem (modulator-demodu lator): Converts audio 
sounds into digital form, and vice versa. 

MPU (Micro Processor Uni t): Synonym for CPU 
chip . 
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Octal : Th e base 8 number system. It is commonly 
used when programming in machine language 
("375" is eas ier to remember than "011111101 "). 

Opcode (OPeration CODE) : A bit pattern which 
specifies a machine operation to a computer's 
central processor. Often li sted in hexadecimal or 
octal notation. 

Paper tape: A long strip of paper p un ched in a 
pattern decodable by the computer. 

Parallel 10 : When input and output is sent or 
received with each bit having a single wire, the 
transmission is called para ll el. Contrast thi s to 
serial 10. 

Peripheral : The d evices which perform detailed 
interfacing operations for the computer. Th ese 
include terminals, mass storage and the like . 

Program : A set of instructions which instruct the 
computer to do a certain task. 

Programming: To write a computer program. 

PROM (Programmable Read Only Memory): See 
" ROM". 

Queue: A "waiting line" of tasks or data . 

RAM (Random Access Memory): Generic term for 
microcomputer system memory. 

ROM (R ead Only Memory): Memory whose data 
cannot be destroyed. 

RS 232: An e lectron ic interface standard for serial 
data communications. 

Serial 10 : A method of transmission in which bits 
are sent one by one. 

Simulation : A computer program which models 
some system, typically using mathematical tech
niques. 

Software: Computer programs. 

Star Trek : A computer game based on the TV 
show "Star Trek." It involves destroying 
"Klingons" with an array of sophisticated 
weapons. Also referred to as "Space War." 

Statement : A singl e computer instruction, within a 
computer program. 

Subroutine : A subprogram within a larger program. 

Terminal: A devi ce for communicating with a 
computer using' a keyboard and an a lphanumer ic 
printer or CRT display. 

Teletype : A terminal which prints information on 
paper, manufact ured by Teletype Corpora tion. 

Timesharing : A technique whereby a singl e com
puter can support several terminals s imultaneously. 

TTL (Transistor-Transistor- Logi c ). 

TTY (Teletype ). 

TVT (TeleVi sion Typewriter) : An in expensive 
form of video CRT display. 

UART (Universa l Asynchronous Receiver Trans
mitter): converts parallel data into se rial form, or 
vice versa . 

Word: A basic un it of computer me mory .-



topvaluel, 
p,ofellionali/m 
Computer Shack stores are 
exciting, enjoyable places 
to visit. From the striking 
interior decor to the fun and 
challenge of the COMPUTER
LAND"" Game Room, you'll 
find Computer Shack stores a 
completely new computer 
shopping experience. 

You can count on Computer 
Shack stores for total profes
sional support whether your 
needs are those of a com
puter hobbyist, education, 
science or business user. The 
skilled, management-trained 
staff offers knowledgeable 
service, expert maintenance, 
and software guidance. 

quality ploductl 
At Computer Shack stores 
the emphasis is on quality 
products. Featured are the 
finest in microcomputers, 
interfaces and peripherals, 
including the full IMSAI line . 
Every store is completely 
stocked with tools, books 
and a complete line of 
accessories. 

COffiPUTfRLAnD" 

be9iftnell 
welcomed 
Do you want to get started 
with microcomputers? Are 
you seeking expert guidance 
on computers, peripherals, 
software? The place to visit 
is your nearest Computer 
Shack. 

Watch your local newspaper 
for Computer Shack open
ings. Each store features a 
monthly Sales Special. 

G 
1922 Republic Avenue 
San Leandro, CA. 94577 
(415) 895-9363 
Franchise Opportunities 
Available 

NOW OPEN-2S-27 South Street, Morristown, NJ • 22680 Foothill Boulevard, Hayward, CA 



An Approach to High Level 

Languages for Small Systems 

Donald J Stavely 

1706 Banyan Dr 

Fort Collins CO 80521 

The prospect of high level languages for 
the computer hobbyist is exciting, though 
foreboding. Setting out to write a compiler 
for a microcomputer is in many ways more 
daring than taking on a compiler for a fu ll
blown computer, since the "distance to be 
traveled" from source to machine language 
is greater. The large machine programmer 
has a vastly richer instruction set to work 
with. Also, the data elements of the source 
language (ie: integer, real number, etc) can 
often be directly implemented as single 
words on a large machine_ For example, the 
FORTRAN expression REAL=REAL *P I 
translates to a mel'e handful of IBM 360 
instructions, compared to pel'haps a pageful 
of 8080 or 6800 instructions. The instl'uc
tion set and word length not only make the 
fina l object code simpler, they also make the 
translation process (ie: the compiler program) 
simpl er. If software complexity doesn't scare 
the small system user, then memory size 
ought to, Both the storage for the compi ler 
and for the compiled program is much 
greater for a small and simple processor. 

The reasonable approach for a sma ll 

About the Author 

machine given these obstacles is to start by 
writing a series of "system subroutines" 
which will perfOl'm the complex operations 
done in a few instructions on a large 
machine. A "floating poin't package" is a 
prime examp le. Calls to floating point rou
tines add structure, simplicity and compact
ness to compiled cnde. Also, scanning, 
search and block move routines simpli fy and 
shorten the compiler itself. 

I n essence, what we have done in this 
approach is to augment the puny instruction 
set and word length of our machine with 
subroutines. Once written and debugged, 
these routines "bootstrap" us up to a higher 
level of programming. We can now think in 
terms of "scanning fo r the next blank" 
instead of " load byte, compare to blank, 
conditional jump, increment pointer, etc, 
etc." We think "floating point add" instead 
of all that code to match the exponent, shift 
the multiple byte mantissa, add it, then 
normali ze it back. 

Now, armed with a few kilobytes of 
system subroutines, the compiler output 
becomes mostly a series of call s to these sub
routines, rather than directly executable 
code . Think of this situ ation as if the com
pilei' is no longer outputting true machine 
level code for your 8080 or 6800. It is out
putting code for a more sophisticated, higher 

. Donald J Stavely is an employee of the Hewlett-Packard Company, 
Ft Collins Division. He is a graduate of the University of Michigan, with a 
master's degree in Computer Engineering. In the letter accompanying this 
opinion, Don writes: 

I intended this piece for the new "Technical Forum" section, which I 
think is a great addition to BYTE. The "Technical Forum" will encourage 
people (like me) who have something to say, but who don't claim to be 
experts and who don't want to take on a full article with its implied 
burden of proof. 

The letter and the original copy of this "Technical Forum" entry demon
strate an excellent application of a people oriented.computer: Do.n typed the 
article using a text editing and formatting program on a 9830 calculator and a 
9877 printer, both products of Hewlett-Packard. The 9830 is called a "desk 
top calculator" but is in reality a general purpose computer with some biases 
towards calculation built into its high level language. 
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ALDELCO COMPUTER 
CENTER 

NOW OPEN 
Kits, Books, Boards, Magazines 

Special 2102L1 8 for $17 .50. We 
stock OK Battery Operated Wire 
Wrap tool $34.95, OK Hand Wire 
Wrap Tool $5.95. 7400 ICs CMOS, 
Timers PPL 's . All kinds of tran
sistors, rectif iers, and diodes. 

Plus other electronic parts. 
ZEN ERS 
'N746!O 1 N759 .100 Mw fa 1S lN471810 lN4764' IN " Cl0GB SeR 5.65 CA 3028A 011 Amrl .. 51.50 
MPSA 14 . 90 LM301 Op Anll) .55 
2NJ05!'. .99 lMJ09K Vol l Reg 1.10 
MPF102 H i .45 LM380N AudIO Amll 17S 
2N3904 0 1 2N3906 2S NE540L Powe. O'm)/ . 5.95 
2N5496 or 2N610a 10 NES61S PLl 4.!lS MJE340 12N565S) l.10 
40613 RCA FET ISS NE562B PLL 49S 
7'" o r 109 14 P,li DIP .. 25 NE565A PlL . 2.50 

555 Tune. 7S LM709 Min DIP On Amp . .45 
556 0 .. a1555 175 l M14 1CE 105 Op Ami) .45 
100 Vall 25 r.mp g . ,dge ISO ' 4 or 16 Pin Ie Sot" a~n .30 
lN9 14 tN4 148 15 ta l 99 We have Wife Wr311 Sockels and 
IN34 1N60 lN64 10 10f .99 Wire W,apW"e 50 I ~e l 51.98 

Se nd slamp for ollr catalogue. 
Open Man thru Sa t 9 AM - 5 PM 

Wed lill 9PM . 
We quo le o n a n y d evice at a n y Qua ntit y. Min . 
o rder $6.0 0. O ut o f USA send certifi ed c heck 
o r m o n ey o rd er. Add 5 % fo r shipp ing. 

2281 B Babylon Tnpk Merrick, N.Y. 11566 
(516) 378 -4555 

J~il1 IJEUELIJPillEI\JT Lt-l~5 

P. O. Box 2345 
W . Lafayette, IN 47906 

(317) 463 · 7167 

1. watt carbon film resistors .... SO .03 
5 per cent , 50 per value min . 

' 2 wall carbon comp resistors .. $0 .02 
10 per cent. 50 per value min . 

No-Nik wire strippers ...... ........ $16 .00 
10,12, 14 , 16, 18,21.23,25,28 ,31 
34, 37 ,44 or 54 thou santh s 
wi re diameter 

Carbide PC board drills 
w ire size : 55 65 .......... .... .. $2 .88 

66 70 ........... $2 .97 
71 75 .. $3.06 
76 78 .. .. ... .. $3.60 
79 80 .. .. ............ $3 .60 

Spec sheets are available. 

We would be pleased to send you a 
' GOODIES ' catalog listing all kinds of 
hard to find products including : Molex, 
Bishop Graphics, AMP, CDC manuals 
and forms, PC drills and mills, elec · 
tronics tools , PC board manufacturing 
supplies , resistors , and semicon · 
ductors. 

South Florida 
Across from the University of Miami 

University Shopping Center 

W
1238A South Di x ie Highway 

Coral Gables, FL 33146 

gcg (305) 661-6042 

'-'" 

SU NNY C OMPUTE R STOR ES, INC . 

South Fl orida's First Computer Store 

We Carry : 
·IMSAI , COMPUCOLOR , VECTOR , 
SOUTHWEST, C_S.C., CROMEMCO 

VECTOR 'GRAPHIC, SEALS 
• Books, Magazin es, Newspapers 
• Sockets , I C's, Printers 
• Digital Cassette Equipment 
• Debugging Equipment 

We offer Classes, Friendly Adv ice and 
Service 
Hours: Monday - 12 Noon to 9 P_M_ 

Tuesday through Saturday -
10 A .M. to 6 P.M. 

New! 
NIMBUS I 

MICROCOM PUTER 
Now you don't need to pay 
$1000.00 to get a Microcom
puter Kit on linel 

The Nimbus I Kit Includes: 

• CPU BOARD 
• 2 PARALLEL, 1 SERIAL 

I / O BOARD 

• 5 SLOT EXPANDABLE 
MOTHERBOARD 

• 2K RAM , 1 / 4K ROM 
MEMORY BOARD 

• ASCII OR BAUDOT 
SOFTWARE MONITOR 

• MEMORY BOARD 
ASSEMBLED & TESTED 

Total Price . .. .. . .. $195.00 

Other options available 
Write for catalog to: 

pes 
Box 544, Celoron, N . Y _ 14720 

Phone: (716) 484-0867 

19" RACK S-100 BUS CARD CAGE 

8,192 x 8 BIT STATIC MEMORY 
EXCEPTIONALLY LOW POWER 

Z-80 - CPU 
8080 - CPU 

PROTOTYPING BOARD 
EXTENDER CARD 

16K RAM 
2K RAM / 2K ROM 

LOW PROFI LE IC SOCKETS 
EDGE CONNECTORS 
DB25 CONNECTORS 

ELECTRONIC CONTROL TECHNOLOGY 

P.O. Bo x 6, Union , New Jersey 07083 

GRAPHICS 
• Simultaneous display 

of text and graphics 

• 64 programmable 
GRAPHICS character. 

• Upper case ASC II 
ROM 

• Character selective 
inverse video 

• All needed RAM 
· included 

This high resolution low cost 
graphics/text display has been made 
possible through the use of 64 
totally user-programmable graphics 
characters. These contiguous B x 12 
"building-blocks" are accessed just 
Ii ke any text character and dis
played on the same 64 character x 
16 line screen grid. 

This complete single board kit 
plugs directly into the S-100 bus 
(Altair/IMSAI) and is yours for 
only $249. 

Ask for THE DETAILER_ 

MicroGRAPH ICS 
P.O. Box 2189, Station A 
Champaign IL 61B20 

Terms : Prepaid _ Illinois residents 
add 5% sales tax. 



level machine impl emented through subr-o u
tine ca ll s. Wh at has been ga ined by thi s def i
nition of a software machine des ign? First, 
the compil er is simpler becau se the level of 
the outputted code is one step hi gher th an 
the r-ea l machin e. Second , th e obj ec t pro
gram code is much shorte r since each ca ll 
repl aces many machine in Sti"u ct ions. Wh at 
have we los t? Whil e the code is compact, it 

. requires the few kil obytes of sys tem subro u
t ines in ord er' to r-un . In te r-m s of exec ution 
speed, we have sac rifi ced th e ove rhead of th e 
subroutine setlrp s, ca ll s and retul"ll s. 

Let us now take thi s ar'gum ent one ste p 
furth e r- . We have made the co mpil er eas ier
and th e compil ed code more compac t by 
making our machine appea r more sophi st i
ca ted th an it rea ll y is thro ugh run tim e sub
routin es. What would we reall y like our
machine to loo k like? A PDP-l' ? 
An IBM 360? Not necessa r' il y like any con
venti onal machine. We wo uld like a mac hin e 
with an in stru cti on set ta il or'ed to co mpilin g 
and runnin g a hi gh leve l language, with word 
length s and data ty pes appropri ate to th e 
tas k. We can define an "A bstrac t Mac hin e" 
which we wo ul d like to have, and then make 
our microcomputer simul ate thi s abstrac t 
machin e by wr-itin g an interprete r program 
fo r it. 

What would an in ter preter program loo k 
like ? As one would guess , th ere would be a 
main routine that would fetch th e nex t 
abstract mac hin e in stru cti on and in crement 
a simul ated progr'am counter. Based on th e 
instructi on, the main ro utine wo uld branch 
to the appropriate execut ion routine. The 
abstrac t "opcode," rath er th an bein g an in 
line subroutine ca ll, woul d require onl y a 
single byte - as an index in to an in stru ction 
routine jump tabl e. 

In te rm s of architec ture, we woU ld like a 
machine that is at least parti aliy stack 
oriented. Stack machines are well sui ted fo r 
process ing high leve l languages fo r several 
reasons. Fir-st, stac k code is ve ry co mpact 
and sto rage efficient, since most operati ons 
have impli ed operands, ie : the to p one, two 
or three elements on th e stack. Seco nd , the 
code generation porti on of th e compil er' is 
greatl y simplified sin ce the parsing process 
directl y impli es stac k operat ions. This 
applies not onl y to arithm etic ex press ions, 
but al so to strin g ex pr-ess ions, logic ex pres
sions and nesta bl e program constru cts li ke 
IF-THEN-ELS Es, DO-WHILEs, etc . Thir'd, 
stack all ocati on of memory is ni ce for 
recursive subroutines and bl oc k stru ctured 
langu ages . The stac k in stru cti ons would 
operate on th e ac tual data types defin ed in 
the language . The abstract mac hine fo r an 
ALGOL -like language, for in stance, might 
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have stack elements which could be 
add resses, intege rs, flo ating poin t numbers, 
string descriptors or logi cal values. 

Several thin gs need to be said at thi s 
po int. First, the noti on of . an in te rmedi ate 
leve l abstrac t mac hine is not new. Mor-e th an
a few compil ers have been Impl emented thi ~ 
way . Th e IBM S/360 FORTRAN (G) co m
pil er is written for a stack ori ented machine 
ca ll ed POP . PASCAL, an ALGOL-like lan
guage, also was written for an abstrac t 
mac hine. Thi s conce pt is part of a broader' 
class of meth ods to di vide the compiling tas k 
into two parts: a Language Dependent 
Transl ator' (LOT) and a Machin e Depen dent 
Transla to r (MDT). At what level and in wh at 
way t hi s di vision is optim all y made is tl1e 
subj ec t of current r·esearch. 

Seco nd, the idea of simul ation or in te r-
pretati on of intermedi ate code ofte n brings 
to mind ex tremely slow and in efficient 
executi on. Thi s is ce rtainl y tru e when a co n
ve ntion al machine simul ates anoth er co nve n
t ional machine. A 6800 simul ation program 
of an 8080 machine is absurd. 95% of .the 
executi on time would be spent in the over-
head of instru cti on fetchin g, decoding an d 
se tup. Bu t a 6800 simul ati on of a 360 is not 
quite so ridi cul ous, since most of the t ime 
th e 6800 would be grinding away a t powe r
ful arithmetic and logica l routines. Defin ing 
an abstrac t machine wh ose "architec ture" is 
suited to the source language and wh ose 
in stru cti on se t is powerful compared to the 
real machine in sures th at most of the execu
ti on t ime is spent doing useful work. 

Bu t now loo k at the adva ntages of the 
in te rpretive abstrac t machine fo r the ama
te ur computing ex perimente r. First , as was 
sa id before, the code is ex tremely compac t. 
A sin gle byte in structi on mi ght do some
thin g like " take th e floatin g poin t number at 
the to p of th e stack , co nve rt it to an ASCII 
character string, and leave the desc rip to r in 
its pl ace at the top of the stack." A fairly 
sophisti cated program would take up little 
space , as ide fr om the fi xed over'head of the 
interpreter, strin g and numeri c li te rals, and 
th e va lue are a. No matter how big memory 
chips get, it is safe to say that memory will 
always come dea r- to the computer hobbyist . 

Seco nd, an abstrac t machine is a step 
to war-d real machin e independence and soft
ware portability . If you write an interpreter 
for your 6800 and your fr iend wr-ites one for 
hi s 8080, abstract mac hin e code Will run 
well o n both . Al so, if you later upgrade to a 
9900 or LSI-" , yo u don't have to jun k all 
your software and start over - yo u just have 
to rewrite th e abstract mac hine interpre ter. 
The more powerful processor' will make the 
interpreter shorter, simpler to write, and 



faste r at code executi on. Mac hine indepen
dence should hold appeal to any serious 
programmer sin ce it gi ves th e ability to 
change and upgrade machines . 

Third , it is a slructured, "one step at a 
time" approach to software development. If 
your sys tem now onl y has a fe w ki lobytes of 
programm abl e memory, yo u can work o n 
the interp re ter, pl ay with various abstract 
machine architectures , and write sm all 
programs in the abst ract "m achine language." 
Late r, with a littl e more memory, a resident 
asse mbl er written in abstrac t machine code 
for the abstrac t machine would be an inter
esti ng and useful project. Still later, with 
more memory, on to FORTRAN , ALGOL 
and APLI 

If readers are interested, perh aps a basi c 
abstrac t machine could be proposed and 
ki cked around a little . Extensions to th e 
instru cti on se t and data types (like string or 
mau'ix operatio ns) could eas il y be add ed 
late r. Just how sophisti cated and how 
language-spec ific the abstrac t machine ought 
to be is open for debate. I have pl ayed 
around with a simpl e one on my 6800 and 
am convin ced it is th e logical approach to 
hi gh level languages on micros. It would 
seem to be a natural for th ose peo pl e who 
have big pl ans for their sm all system s.-

Let's talk about a Real Bargain 
It's the Typewriter/Terminal from AJ 
We have hundreds of ready-for-Iease, or 
ready· for-sale terminals that have 
been refurbished and repriced 
to make them a truly 
outstanding 
bargain . 

Use it as a typewriter! 
Our AJ 841 features the heavy duty Selectric IBM mechanism to give 
you fast, dependable operation day after day. Use it in the office. Use 

it at home. At our price, it's an economical typewriter. 

Use it as a terminal! . 
The 841 incorporates our own SELECTRONIC 
mechanism that turns it into one of the most useful 

and reliable computer terminals on the market. 
Thousands are in operation today. Your choice 

of EBCD or Corre!lPondence Codes, with APL 
as an option. It will interface with almost 

any IBM computer. 
If you can use an effiCient, low cost 

computer terminal, here's your chance 
to get one for about the price of a good 

typewriter alone. 

If you're interested, call AJ Marketing 
at 408 -263-8520, Extension 280, 

or write for more details. 

lil:iiii ANDERSON 
IiIiiI JACOBSON 
521 Charcot Ave nue· San Jose, CA 95131 . (408) 263·8520 

EASTERN REGION/ Hackensack. N.J. (201) 488·2525 . CENTRAL REGION/ Northbrook (Chicago!. III. (312)498-4220 
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Continued from page 9 

Listing 7, continued: 

Address Op Operand 

007A 85 F9 
007C A9 02 
007E 85 El 
0080 20 1 F 1 F 
0083 FO 06 
0085 20 6A IF 
0088 20 9100 
008B C6 El 
0080 DO Fl 

008F FO DO 
0091 C9 15 
0093 DO 03 

0095 85 EE 
0097 60 
0098 C9 10 
009A DO 05 
009C A9 00 
009E 85 EE 
OOAO 60 
OOAl 10 FO 
00A3 AA 
00A4 A5 EA 
00A6 FO F8 
00A8 86 EA 
OOAA A5 EA 
OOAC 38 
OOAO E9 05 
OOAF 85 E9 
OOBl A9 00 
00B3 E9 00 
00B5 85 E8 
00B7 60 
00B8 45 
00B9 00 
OOBA 00 
OOBB 99 
OOBC 80 
OOBO 00 
OOBE 99 
OOBF 98 
OOCO 02 
OOCl 08 
00C2 00 
00C3 00 
00C4 00 

Label 

FLY 

FLiTE 

NOKEY 

OOKEY 

NALT 

RETl 
NAL2 

THRSET 

INIT 

Mnemonic 

STA INH 
LOA #02 
STA DECK 
JSR SCANOS 
BEQ NOKEY 
JSR G'ETKE Y 
JSR OOKEY 
DEC DECK 
BNE FLiTE 

BEQ LINK 
CMP # 15 
BNENALT 

STA MODE 
RTS 
CMP # 10 
BNE NAL2 
LOA #00 
STA MODE 
RTS 
BPL RETl 
TA X 
LOA THRUST 
BEQ RETl 
STX THRUST 
LOA THRUST 
SEC 
SBC #05 
STA TH2+1 
LOA #0 0 
SBC #00 
STA TH2 
RTS 

Commentary 

} OECK: =02; [coun terl 

look for depressed key; 
if no input go to NOKEY : 
else go to GETKE Y; 
go to OOKE Y; 
OECK := OECK,l ; 
if DECK not equal to 0 go to 
F LITE; 
else go to LINK; 
A: =fuel mode?; 
if not fu el mode go to 
NALT; 
else MOOE: = fue l mode; 
return ; 
A :=altitude mode?; 
if not go to NA L2; 
else mode:=altitude mode; 
MOOE: =A; 
return; 
return; [illegal mode] 
else X:=A; 
A:=THRUST; 
if thrust: =O go to RET1; 
else THRUST: =X; 
A:=THRUST; 
set carry ; 
THRUST: =THRUST , 05 ; 
TH2+1 :=THRU ST; 

} A: =OO; 

TH2:=00; 

rtu[~:;ti a l height] 

} [initi al speed] 

} [initi al acce leration] 

[initial thrust ] 

} [initial fuel] 

[mode] 

until we reali ze that both th e alti tud e and 
the fu el gauge will probably go right past the 
ze ro mark, jumping direct ly fro m a positive 
to a negat ive val ue; so a ze ro test is out. 
Instead, we take act io n the in stant the 
number goes negative, resto ring it to ze ro 
and then taking whatever other act ion is 
called fo r, 

Lighting the Display 

Th e di spl ay is quite stl'aightforwal'd; in 
fact, the KIM,l mon itor pl'ogram has a 
subroutine to do the job, 

Depending on the display mode fl ag, all 
we need to do is to move alti tude 01' fuel to 
the display area, together with rate of 
descent. Then we ca ll the subroutine to 
transfer it to the LEDs, 

Of course, we must remember to drop the 
last two digits from the displayed values 
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(0,01 of units, remember7) and to negate the 
rate of descent, whel'e necessary, so that it 
shows as a positi ve numbel' , 

Detecting Input 

Th e KIM,l moni tm subrout ine that li ghts 
the di spl ay gives us a free bonus: It also tells 
us whethel' or not a key is depressed on the 
keyboard, To find out which key, we must 
ca ll another subrout ine in the moni tm pro, 
gram, 

If we discove r th at the user has inpu t a 
thrust command, buttons I to 9, we first 
check to see that the moto l' is o n and that 
we have fuel. Th en we set the thrust, and 
also ca lcul ate the acce lel'at ion as thrust 
minus 5, where 5 repl'esents the force of 
grav ity, 

Th e two other lega l keys, A and F, set the 
di spl ay mode to altitud e or fue l, Th e pro, 
gram sets a memory location wh ich will be 
tested by the disp lay routine, 

Th e program does n't need to worry about 
when a button is released, Although the 
qu estion can be quite important fo r pro, 
grams that must distinguish between, say, 9 
and 99 on the input, the lunal' land er doesn't 
rea ll y ca re, If you leave you r fi nge r on the 
button, it will kee p on setti ng the thru st 
over and over to the same va lue, without 
affect ing the fli ght. 

Coming Down 

The program doesn't stop, If yo u I'un out 
of fuel, you will watch yourself freefall to 
the surface , Wh en you land , with 0 1' without 
fuel, yo ur rate of descent freezes so that you 
can see how hard yo u land ed , 

I t would be easy to have the display 
change after you land, to show word s such 
as "SAFE " 01' "DEAD," Th e KIM ,l display 
is segment dri ve n so th at yo u can easil y 
produce special combinations, 

Th e novice astronaut who wou ld li ke to 
try hi s or her hand at flyin g thi s, or other, 
craft should keep the following rules in 
mind : 

1, Always conserve fu el at the beg inning 
by reducing power to minimum thrust. 

2, Don't let yo ur rate of desce nt get 
excess ively high; with my program, it's 
wise to steady up with a thrust va lu e 
of 5 when your speed gets over 90 feet 
per second , 

3, As y'ou get to lower alti tudes, try to 
balance yo ur altitude aga inst your rate 
of descent. At 1000 feet , a rate of 
descent of 500 feet per second will 
bri ng yo u down in 20 secon ds, wh ich 
is reaso nab le, Keep th at sort of 
balance, -



Continued from page 6 

pages 106-107 of the Ballantine Books 
papel-bac k ed ition: 

The 'Sec was the standard size of 
all such units, determined by what 
could fit comfortably in the normal 
human hand. A t a qUid? glance, it did 
not di ffer greatly from one of the 
small electronic calculators that had 
started coming in to general use in the 
late twentieth centwy. It was, how
ever, infinitely more versatile, and 
Duncan could not imagine how life 
would be possible without it. 

Because of the finite size of 
clumsy human fingers, it had no more 
controls than its ancestors of three 
cen turies earlier. There were fifty 
neat little studs; each, however, had a 
virtually unlimited number of func
tions, according to the mode of 
operation- for the character visible on 
each stud changed according to the 
mode. Thus on A LPHANUMERIC, 
twenty-six of the studs bore the 
letters of the alphabet, while ten 
showed the digits zero to nine. On 
MA TH, the letters disappeared from 
the alphabetical studs and were re
placed by X +, 7, -, =, and all the 
standard mathematical functions. 

A nother mode wa s DIC-
TlONAR Y. The 'Sec stored over a 
hundred thousand words, whose 
three-line definitions could be dis
played on the bright little screen, 
steadily rolling over page by page if 
desired. CLOCK and CA LENDAR 
also used the screen for display, but 
for dealing with vast amounts of 
information it was desirable to linl? 
the 'Sec to the much larger screen of 
a standard Comsole. This could be 
done through the unit 's optical inter
face-a tiny Transmit-Receive bclll's
eye operating in the near ultraviolet. 
As long as this lens was in visual range 
of the corresponding sensor on a 
Comsole, the two units could happily 
exchange information at the rate of 
megabits per second. Thus when the 
'Sec's own internal memory was satu
rated, its contents could be dumped 
into a larger store for permanent 
I?eeping,' or, conversely, it could be 
loaded up through the optical linl? 
with any special data required for a 
particular job. 

The Minisec system's chMacter istics as en
visaged by thi s passage are not rea ll y so 

High-Speed 
Cassette Recorder 

Interface (The Stringy Disk) 

01 P-switch selection of speed from 800 to 12,500 baud 
(1,562 bytes per second with tape speed of 7V2 inches 
per sec.). Max speed on a good cassette recorder is 5000 
baud. Bi-phase recording. 

• Bi-phase recording; self-clocking , digital compara-
tor. 

• LEVEL indicator assures correct volume setting. 
• SYNC indicator shows reception of sync byte. 
• Fully buffered with bus drivers. 
• Altair, IMSAI, Tarbell compatible: s-100 bus. 
• Includes all IC sockets, output connector, and pre

recorded cassette tape with sync code. 
• Kit $120.00 Assembled , tested $165.00 Manual 

$3.50. 

DAJ EN Electronics 
7219 Springleaf Ct., Citrus Heights, Ca. 95610 
(916)-723-1050 

Ca. residents add 6% sales tax COO $1.50 extra 

MORE POWER TO 
YOUR AL TAIR* 

12 AMPS @ Bv. (nominal) 
2 AMPS @ + 16v. 

At any line voltage from: 

90 to 140 volts. 
In stalls easily inside any Altair* 8800 or 
8800a. 

Over voltage and over current protected . 

Conservatively designed and specified. 

only $90.00 
postpaid in the U.S.A. 

California residents add 
$5.40 sales tax. 

Iii! 
BANKAMERICARO 

RIMIME 

PARASITIC ENGINEERING 
PO BOX6314 ALBANY CA 94706 

• Altair is a trademark of MITS Inc. 
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---------------------------------------------------, 

__ Game Playing With Computers by 
Donald D Spencer, published by Hayden. 
What does it mean to play games using a 
computer? Read this book to get an 
introduction into numerous recreational 
uses of the computer to program and play 
mathematical and logical games. Topics 
include numerous mathematical problems, 
casino games, board games, unusual gam
bling games, and miscellaneous logic games. 
Numerous BASIC language programs and 
listings are included to show details. $16.95. 

__ Scientific Analysis on the Pocket 
CalcUlator by Jon M Smith, published by 
John Wiley & Sons. This book is another in 
a set of sou rce books for mathematical 
analysis using the contemporary products of 
technology. It is oriented to the pocket 
calculator, yet it will provide you with 
algorithms and methods useful with any 
personal computer which implements the 
scientific and analytical functions found on 
a good poc ket calcu lator. For a more 
complete description, see the book review 
on page 120 of the December 1976 BYTE; 
or order its 392 pages of detailed technical 
information and review its use for yourself. 
$13.75. 

Send to: 

__ Build Your Own Working Robot by 
David L Heiserman, published by Tab 
Books. This book will not tell you how to 
build Robbie, the robot of Forbidden 
Planet, or a classical android of science 
fiction. What it will introduce you to is the 
problems of making a robot mobile device 
called Buster III, using pre-microprocessor 
TTL integrated circuits for all logic 
functions. It is a must book for background 
reading, but much of the logic can be 
extremely simplified using today's micro
processor technology. Use this book as a 
first look at these problems from which you 
can bu ild fu rther and more elaborate 
solutions. Softbound, $5.95. 

Check payment method: 

__ A Dictionary of Microcomputing by 
Philip E Burton. In the opinion of BYTE's 
editor, Carl Helmers, "This is one of the 
best designed and executed dictionaries of 
computer related terms yet seen on the 
market. It is of particular relevance to those 
individuals who want a good general 
reference to numerous technical terms, 
broadly covering hardware and software 
fields as currently practiced"" This new 
hardbound edition is part of the Garland 
Reference Library of Science and Technol
ogy. $12.50. 

• 
__ Software Design for Microprocessors. 
This stand alone guide to microprocessors 
has been designed by the people at Texas 
I nstru ments to convey knowl edge to the 
first time user of microprocessors. This 
excellent source book of computer concepts 
begins with an outline of the basic principles 
of the general purpose computer, its 
machine architecture, software, and meth
ods of addressing. It proceeds to discuss 
how to build software, what is involved in 
documenting what you've done once you've 
done it, the mechanics of programming, and 
specific examples using the TI TMS-1000, 
TMS-8080, TMS-9900 and SBP0400 de
signs. You'll find a thick hardcover te xt
book filled with over 370 pages of useful 
information including a comprehensive 
glossary of microprocessor terminology , 
among several other detailed appendices. 
$12.95. 

BITS, Inc 
70 Main St 
Peterborough NH 03458 

My check is encl osed 
.--Bill my MC No. ______________ Exp. date ____ _ 

1 ___ 1 = Bill my BAC No . Exp. date ____ _ 

Total for all books checked 
Postage, 25 cents per book 
for books 

Grand Total 

$ _---

$ _--
$ _---

You may photocopy this page if you wish to leave your BYTE intact. 

Name 

Address 

City State Zip 

Signatu re 

Please allow six weeks for delivery . . 

1 , 
I 
I 
I 
I 

---------------------------------------------______ 1 
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mu ch science fiction . As ide from the size 
constrain t and memory capacity, the func
tions of the Minisec as descr ibed can be 
accompl ished by a we ll designed contem
porary personal com pu ter system. The char
acter istic of fitting into the size of a hand 
held object is not even necessarily a va lid 
enginee ring goa l for such a powerful dev ice. 
Why ? 

Have you ever considered the problem of 
typing text passages into a keyboard the size 
of a ca lcu lator? Aside from the freq uency 
and position ing idiosyncrazies of the stan
dard Roman alphabet typewriters we all use 
(which could be so lved by training with the 
Dvorak system), the design of th e text 
keyboards is we ll adapted to the problem of 
quickly typing tex t. I know that persona ll y 
from the immense artibun ts of keystroking I 
do, and anyo ne who works with computers 
at a software leve l will have sim il ar ex peri
ences. A major portion of the information 
processing operat ions perfmmed with the 
personal computer are now and will always 
be accomplished using such text keyboards, 
at leas t fo r the fo reseeab le futu re, barring 
in vention of rea ll y efficient vo ice parsing 
techniques. Thu s the ph ysical size constraint 
is now and wi ll probab ly I"emai n at the level 
of the size of a text keyboard's physical 
layout,. hard ly a hand held size, but ce rtainly 
a lap-perched dev ice. 

Redefi ning of key interpretations is al
ready acco mpl ished automat ica ll y when a 
command language is used with sym bol ic 
co mmands typed as text strings. However, 
hav ing a changeabl e com mand keyboard 
such as Cl ar ke descr ibes is a neat idea. I ran 
in to a specific case of such a keyboa rd when 
I worked for a shOI"t time on an ex per i
menta l digital av ionics system design which 
empl oyed project ion displ ays to define dif
ferent legend s fOI' key pos iti ons depending 
upon mod e of operation during an aircraft's 
mi ssion . It is a nifty concept, · but a bit 
ex pensive at pl·esent. Th e model of the 
Minisec keyboard is a very sensible extrapo
lation of liquid crysta l sty le display tech
nologies coup led with switchless capacitive 
touch contact zones. 

Forgett ing the physical characteristics of 
the im pl ementat ion, the logica l chal"ac
teristi cs of multiple modes of operation are 
quite real izab le with prese nt day perso nal 
com pu ters, although not always in a pre
packaged form as described by Cl arke. For 
exa mple, the wh ole pu rpose of the ALPH A
NUMER IC mode is to all ow text entry and 
command langu age sty le operations, if it is 
meaningful to have such a mode at all. The 
ASCII keyboard and the text editors ap
pi icab le to pel'sonal computers of tod ay 

TEXT EDITING SYSTEM 
TSC 'S 6800 TE XT ED ITING SYSTEM SURPASSES ALL 
MICRO EDITORS. THE COMPLETE ASSEMBLED SOURCE 
LISTING NOT ONLY INCLUDES THE USUAL EDIT FEA
TURES. BUT ALSO BLOCK MOVES. BLOCK COPIES. 
OVERLAYS. AN EXTENSIVE CHANGE COMMAND. AND 
TABS. JUST TO NAME A FEW. THIS IS THE EDITOR 
FOR THOSE WITH SERIOUS ~EEDS. SL68-24 $23.50 

6800 8080 6502 
8080 GAME PACKAGE I. PD80-1 
6502 GAME PACKAGE I. PD65-1 
6800 GAME PACKAGE I. PD68-1 
6800 COMPLETE SOFTWARE PACK. PD68-3 

6800 SOURCE LISTINGS 

$19.95 
$19.95 
$16.50 
$35.50 

SPACE VOYAGE. SL68-5 $1 2.00 
FLOATING POINT PACKAGE. SL68-4 $6.50 
MICRO BRSIC PLUS. SL68-19 $15.95 

PROGRAM OF THE MONTH CLUB 
RECEIVE 1 YEAR MEMBERSHIP INCLUDING A MONTHLY 
NEWSLETTER DESCR IBING TSC'S LATEST SOFTWARE 
RELEASES. UP TO A 15Z DISCOUNT OFFERED ON 
FEATURED SELECTIONS. POM $2.00 

ORDERING INFORMATION 
PLEASE INCLUDE 3/. POSTAGE. INDIANA RESIDENTS 
ADO 4Z TAX (US FUNDS ONLY)_ CHECK YOUR LOCAL 
DEALER FOR OUR PRODUCTS. (DEALER INQUIRIES 
WELCOMED). SEND $.25 FOR A COMPLETE CATALOG. 

TECHNICAL SYSTEMS CONSULTANTS 
BOX 257'1 w. UlFAYETT!' I/()IRAA ~7906 TSC TSC 

16 K STATIC RAM 
For ALTAIR / IMSAI / POLY 88 

$459 KIT 
ASSEMBLED 5529 

• USES 4K STATIC RAMS - NO REFRESH 
• VERY LOW POWER - LESS THAN 1 AMP 
• Z80 FAST - 200n5 ACCESS TIME 
• PROVISION FOR BATTERY BACKUP 
• LOW PROFILE SOCKETS FOR ALL CHIPS 
• EACH 4K ADDRESSABLE TO ANY 4K SLOT 
• HARDWARE/SOFTWARE MEMORY PROTECT 

FOR EACH 4K 
• SPECIAL PAGING OPTION ALLOWS UP TO 

1 MEGABYTE ADDRESSABLE MEMORY 
• LOWCOST 
CONSTRUCTION MANUAL .... . . . ... . . .... . ...... $1.75 
PAGING OPTION .. .. . . ...... . .. . .. .... .... . ..... $9.00 
QUANTITY DISCOUNT ..... .... . . ..... 5 BOARDS - 5% 
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__ TV Typewriter Cookbook by Don 
Lancaster. A complete guide to low cost 
television display of alphanumeric data, 
several chapters of which were published 
ahead of the book in early issues of BYTE 
magazine. $9.95 

__ Digital Logic Circuits by Sol Libes. An 
invaluable tutorial background volume on 
digital logic, arithmetic, 10 concepts and 
interfacing to analog devices; written by one 
of the founders of the Amateur Computer 
Group of NJ. This book acquaints the 

I reader with much of the terminology and 
background concepts of digital hardware. 
$5.98. 

I 

--.Modern Operational Circuit Design by 
John L Smith. An absolutely essential intro
duction to the use and application of 
operational amplifier systems. The book 
contains both theoretical background infor
mation and practical circuit suggestions 
which can be used to advantage by the 
experimenter. $22.00 (hardbound). 

_~Electronic Projects for Musicians by 
Craig Anderton. "Even if you know nothing 
about electronics, you can build preamps, 
ring modulators, mixers, tone controls, min
iampls, fuzzes and a dozen other inexpen
sive musical projects." Furthermore, even if 
you couldn't care less about about musical 
applications, you can use this book to gain 
familiarity with electronic parts, circuit dia
grams and construction techniques, using 
the wealth of illustrations and tips found in 
an extended introductory chapter for the 
novice electronicker. $6.95. 

Send to: 

--......Active Filter Cookbook by Don Lan
caster. The chief chef of electronics Cook
books concocts another gourmet appetizer. 
Run to this book when you need to find a 
starting point for the design of a filter for 
use in an electronic application. $14.95. 

--Altair Design developed by Ensor 
Holiday. 
--.More Altair Design developed by Ens
or Holiday. 
--......Altair Design 3 developed by Ensor 
Holiday. 

Keep the loved ones busy while you use 
your system ... give them anyone or all of 
these computer generated Altair Design 
books to start them (or yourself) on endless 
hours of creative coloring. No other coloring 
books are quite like these unique books. 
$2.50 each. 

--......Artist and Computer edited by Ruth 
Leavit. A visual treat, as you encounter 
reproductions of numerous works by com
puter oriented artists and read about these 
works in their own words. $4.95. 

_ _ Linear IC Principles, Experiments, and 
Projects by Edward M Noll. From basic 
principles to complicated systems, from 
simple amplifier experiments to applications 
in radio, TV and control systems, this book 
can improve your knowledge of the way 
circuitry of the analog world really works. 
$8.95. 

Check payment method: 

My cheek is enelosed 

Please .. ' note: Although our ads will 
change • month to month. with few 
exceptions all, previous books adver
tised are available through BITS. A 
complete catalog will be sent to yoU 
with your order, ... FWR 

----Practical Solid-State Circuit Design by 
Jerome E Oleksy. A self study course in the 
design of semiconductor circuits from the 
simple transistor to the complex operational 
amplifier. $5.95. 

__ 101 BASIC Computer Games by David 
Ahl. A treasure store of games and 
simulations, 101 all written in BASIC. It 
contains both a complete listing and a 
sample run, along with a descriptive 
write-up, 256 pages. $7,50, 

----Projects in Sight, Sound & Sensation 
by Mitchell Waite. Dedicated "to all space 
cowboys." Detailed theory and practice of 
seven fascinating amateur electronics pro
jects, along with a complete and detailed 
appendix on how to make PC boards. $4.95. 

--'-"security Electronics by John E Cun
ningham. To catch a thief, apply liberal 
doses of ingenuity and a modicum of 
cleverness. Find out what's been tried in 
conventional alarm systems before you go 
off computerizing your home security sys
tem, though. $5.95, new second edition. 

__ Introduction to Biomedical Elect· 
ronics by Edward J Bukstein. What's been 
done in robot doctors? Nothing so far. But 
in terms of electronic aids to physicians and 
practices of health researchers, consult this 
background review of the field of biomed
ical electronics. $5.50. 

__ What to Do After You Hit Return of 
PCC's First Book of Computer Games .. This 
is PCC's first book of computer games, a 
compendium which includes descriptions of 
numerous games, and listings of 37 selected 
BASIC games. $8. new second edition. 

BITS, Inc 
70 Main St 
Peterborough NH 03458 

• IlAHKAMERICAJlD. Bill my MC No. ______________ Exp. date _ _ ___ _ 

Total for all books checked $ ____ _ 
Postage, 25 cents per book 
for books 

Grand Total 
$ _-
$ _ ---
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Please allow six weeks for delivery. 
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provide this mode of operation. The MATH 
mode is simply extending the concept of a 
BASIC or APL or language X interpreter to 
allow its use with your pe rsonal compu ter to 
ca lcu late programmed combinations of ele
mentary and transcendental functions. DIC
TIONARY mode is a littl e bit more difficult, 
primarily because as of today we do not yet 
have the technology to inexpensively store 
(with random access) such a large vocabu lary 
with associated definition materials. But, 
given a mass storage drive with 2 million or 
so bytes on line (for example, a 3M car
tridge) and enough time to do the key
stroking, a personal informatio n system (a la 
dictionary) with a signi ficant size can be 
built using equipment presently avail ab le on 
the market. The CLOCK and CALENDAR 
functions of the Minisec are so tl-ivial to 
implement that it's amazing it isn't standard 
on all personal computers which are assumed 
to be plugged in 24 hours a day : It on ly 
takes dedication of an interrupt line driven 
by timing signa ls generated by frequency 
division from the crystal contro ll ed clock of 
the processor. The interrupt routine updates 
the rea l time as stored in an appropriate 
pmgrammable memory location or loca
tions, sca ling and converting to 24 hour time 
if desired. 

As for connection to external larger 
information systems, the present day per
sonal computer does not exactly use a fast 
light interface, but it certainly can use a 
modem and telephone lin k at 300 bps or so. 
Modems are avai lable in kit or surp lus form 
at quite reasonable prices today, and are 
li ke ly to be a drop in the price bucket 
compared to the costs of the timesharing 
services themselves unless you just talk to 
your neighbor's computer. 

The Future Comes Faster Than Anticipated 

What this al l boils down to is the 
conclusion that the design and function of 
Arthur C Clarke's conception of the ultimate 
personal computer is a lot closer to reality 
than he might expect. The actual dates he 
gives for the progress of technology into the 
Minisec stage I do not recall, but I certa inl y 
suspect that he put it further in to the future 
than the present day and the next few years_ 
But, then, one purpose of sc ience fiction is 
to exp lore techno logical scenarios given an 
author's defined set of outrageous premises. 
No one shou ld believe that there is any 
prophecy about when the scenarios are 
played if ever. Rather, the ideas and specula
tions serve as inputs to the imaginations of 
the innovators of practical products as the 
technologies progress. Viewed in this li ght, 
Arthur C Clarke's concept of the Minisec 

PFIAMMEFI 
by XYBEK 

An extraordinary 2k memory board 
for your Altair-bussed computer 

* On-board 1702A PROM programmer 

* Space for 1792 bytes of read -on l y memory (seven 
1702A EPROMs) 

* 256 bytes of RAM 

* Supplied with one 1702A, pre-programmed w ith 
stand-alone programming software - no sense 
switches are used 

* Supplied with programming power supply 

* PRAMMER's own on-b oard clock makes it compatible 
w i th al most any Altair-bussed system . 

* All read a-nd wr i te sequences are generated via an 
on-board micro-programmed state machine, thus 
elim inating all one -sh ots_ 

Send me _ PRAMMER kits @ $189 ea . (Calif. residents 
please add sales tax.) Ban kAmericard & Master Charge O.K. 

Name __________________________________ _ 

Add ress __________________________________ _ 

___________________________ Zip ____ _ 

Ca ll (408) 296-8188 or wr i te to: 

XYBEK. P.O . Box 1631 • Cupertino, CA 95014 

Why Wait? 

The Tarbell Cassette Interface 
• Plugs directly into your IMSAI or ALTAIR · 
• Fastest transfer rate: 187 (standard) to 540 

bytes/second 

• Extremely Reliable - Phase encoded (self-
clocking) 

• 4 Extra Status Lines, 4 Extra Control Lines 

• 37-page manual included 

• Device Code Selectable by DIP-switch 

• Capable of Generating Kansas City tapes 
also 

• No modification required on audio cassette 
recorder 

• Complete kit $120, Assembled $175, Manual 
$4 

TARBELL ELECTRONICS 
20620 S. Leapwood Ave. , Suite P, Carson, Ca. 90746 

(213) 538·4251 
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_ _ _ Digital Computer Fund
amentals by Jefferson C Boyce. 
The way to a world of learning is 
through books. A great place to start, 
and to return from time to time, is 
the classical textbook. Th is new 
book from Prentice Hall is in
tended as just th·at. Topics covered 
include digital computer operation, 
basic computer circuits and concepts, 
Boolean algebra, implementing com
puter operations in hardware, com
municating with the computer and 
related issues of coding schemes, 
detailed discussions of the control 
section, memory functions, arithme
tic and logic functions, input and 
output functions of a classical com
puter, a chapter on computer pro
gramming and a final summary 
chapter on the details of a typical 
minicomputer design interpreted in 
the light of the more theoretical 
general concepts in the book. This 
book is excellent background infor
mation for the literate and well read 
hacker. Order yours today_ $15.95 
hardbound. 

Send to: 

BITS, Inc 
70 Main St 
Peterborough NH 03458 

Total for all books checked 
Postage, 25 cents per book 
for books 

Grand Total 

Adam Osborne's books An Introduction 
to Microcomputers, Volumes 1 and 2, are a 
concise compendium of the technical details 
of microprocessors at the component 
(engineering) level. These are the source 
books for the system designer who plans to 
employ the microprocessor, or the advanced 
homebrewer who wants a dash of custom
ization not found in commercial products. 

__ Volume 1 is subtitled "Basic Con
cepts." This is the book which presents a 
framework of ideas concerning the design 
and use of small computers implemented 
with LSI. Topics include definitions of the 
microcomputer, fundamental concepts of 
logic and numbering characteristics of 
instruction sets, etc. $7.50 . 

__ Volume 2 is a much thicker (895 

__ How to Buy and Use 
Minicomputers and Microcomputers 
by William Barden . People have often 
asked us where to turn to get an 
introductory book about computers 
for personal use. One excellent place 
to start is How to Buy and Use 
Minicomputers and Microcomputers, 
William Barden Jr's instant summary 
of the sma ll computer revolution, 
published by Howard Sams in mid-
1976. This is one of the first books 
of the "general introduction to 
computers" genre to be published 
with an emphasis towards the small 
computer and personal computing as 
it is being practiced these days. the 
book, written for the novice as well 
as the expert, surveys the technical 
details of the field in nine chapters 
and 10 appendices. This book is light 
(but essential) reading for the experi 
enced computer person, and worthy 
of seriou s, concentrated perusal by 
the novice. $9.95. 

O'IXif.,..-•. 
How to Buy &u .. 

Check payment method : 

page) detailed volume which complements 
the information in the first volume. This is 
the volume which fills in many of the details 
left out of the conceptual treatment . in 
Volume 1. Here you'll find 19 detailed 
chapters on the engineering and logical 
speci fications of products made by 16 
different manufacturers, including in many 
cases reprints from the manufacturers' 
documentation as well as new materials 
provided by the author. Published in 1976, 
it even includes such processors as the 
MicroNOVA by Data General and the Texas 
Instruments TMS-9900 as well as the older 8 
and 16 bit machines. Organization is by 
design type, and where parts of several 
manufacturers were intended for a given 
processor design such as the 8080, these are 
grouped into a single chapter . $12.50 

__ Computer Power And Human 
Reason by Joseph Weizenbaum. This 
book is one which should be 
purchased or read for several reasons. 
If you're presently a programmer by 
trade or skill, you'll see a philosophy 
of computer use and abuse pro
pounded. It's genuinely interesting, 
and definitely provocative if you 
reference the storm of letters, coun
ter letters and counter counter letters 
which this book produced in the 
Association for Computing Machin
ery's SIGART newsletters during 
1976. If you're a novice to the field, 
the tutorial and explanatory chapters 
of this book, which are aimed at the 
layman, will serve as an excellent 
background source which is also 
eminently readable . This includes an 
excellent and low level explanation 
of what an algorithm is, and how 
computers go about executing effec
tive algorithms. $5.95 softbound. 

_ My check is enclosed 
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personal computer and its uses throughout 
the book Imperial Earth is a most inspiring 
input which designers of personal computers 
wo uld do well to explore.-

A CHALLENGE .. . The Logical Squelch, 
a Noncommercial Product 

Occasional, functional specifications of 
neat ideas can be fun. Here is one which was 
dreamed up by yours truly and Judy Havey 
while preparing the April issue. We both love 
to listen to classical music FM radio stations 
while working, principally WGBH and 
WCRB out of Boston MA. What we were 
talking about was the fact that while we 
certainly appreciate the fact that advertising 
supports the commercial radio station 
WCRB, we sometimes get just a bit tired of 
hearing the same commercial or announce· 
ment over and over again. So, I said to 
myself, wouldn't it be a neat hack to 
develop an audio input processor backed up 
by an AI algorithm which has the following 
characteristics: 

• Continuous digitization of the signal 
and characterization of the past " n" 
milliseconds by a set of numerical 
constants reflecting the signal being 
digiti zed. 

• A manual switch input used for 
"catching" various unwanted signals 
and storing the empirical parameters 
for the previous time period (goal : 
perhaps 16 to 128 bytes characterizing 
a segment of the signal with a high 
probab ility of uniqueness). 

• A monitoring algorithm which seeks a 
match between stored signal paramete r 
sets and the incoming pattern, perhaps 
with a "criticality" parameter which 
ad justs a fudge factor tolerance on the 
match. When a match is found, the 
"squelch" signal is given to the output 
leve l control peripheral. 

• A leve l control peripheral which is 
either full "on" or in a squelched 
state, with a timing oneshot used to 
stretch the squelch period over an 
adjustabl e time of a half to two 
minutes or so. 

In this simplest conception, no attempt is 
made at fa ncy word recognition, or recogni· 
tion of voice characteristics of an nouncers. 
Such embelli shments would of course be 
most desirabl e, but who knows what is 
possible until it is tried ? Who' ll be the first 
to build thi s logical squelch device and write 
it up as an article for perusal of our other 
readers 7 ... CH 

MULLEN COMPUTER BOARDS 
BOX 6214, HAYWARD, CA 94545 

• 8 fast reed relays respond to on 8 bit word: Feed 
~ the relay associated with its bit a "1" and it closes, give it 
~ a "0" and it opens. Also, 8 opto·isolators accept an 8 bit 
~ word from the outside world and send it to your com· 
• puter for handshaking or further control purposes. 
'-...... Especially suited for model railroad, burglar alarm, 
_ audio switching, ham radio, music synthesizer, and auto· 

• mated display applications, this board goes wherever 
tit you need a general purpose 1/ 0 switching gizmo. 
~ We're proud of the design work and quality put into 
- th is applications·oriented peripheral; and with it, you n can take care of that 1/ 0 gap in your system. 
Q Available in kit form only. California mail orders: I 

¥'~~;;~~E • AVAILABLE IY M~ 

In lel 
specification 

60 nsec. m inimum 
220 .. 
0" 

70 " 

Parasllic 
Engineering 
Clock Fi. Ki t 

80 nsec. 
205 " 

35 " .. " 

NOle:These ar8 the actual clock wavelorms at the 
8080. as produced by • Parasil ic Englo_ring 
ClOCk File K i t . 

YOUR ALTAIR" 8800 
can 't run well without 

a correct, reliable 
C.P.U. clock. 

A PARASITIC 
ENGINEERING 

clock fix kit is 
guaranteed to 

produce¢1 and¢2 
clock pulses, that 

meet tntet's 
specifications for the 

·8080. Installs easily on 
your Altair" 8800 or 
8800a C.P.U. board. 

only $15 BAHHAMERICARD 
+; H postpaid in the U.S.A. 

PARASITIC ENGINEERING 
PO BOX 6314 ALBANY CA 94706 

• Altair is a·trademark of MITS Inc. 
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llVlE's llits 
Attent ion Education Use rs 

Th e fiftee nth annu al co nve nti on of 
the Assoc iati on for Educat ional Data 
Systems wi ll be held Ap ril 25-29 1977 at 
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th e Green Oaks In n, Fort Worth TX. For 
furthe r informat ion con tact Alto n R 
God dard, publi city chairm an, at AED S 
Nat iona l Headquarters, 1201 16th St 
NW, Washi ngto n DC 200 36 , (202) 
83 3-4100. -

Catalog of Co mputer Supp lies Ava ilab le 

A new cata log from Digita l Eq ui p
ment Co rp ora li on , " Sup pli es and Acces· 

...... .. ................ .................. 

" 

. 11 •• 

This Bit was supplied 
by Chuck Adams at 
Texas A&M University, 
College Station TX. 

•• II I • • , ....... , 

., •• II .. .. II II 
. , I. II •• .. .................... ......... 
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sories," pic tures and desc ribes 200 re
placem ent and enhance ment items fo r 
use with Digita l peripheral equ ipm ent, 
in cludin g media fo r disk and magne tic 
tape dri ves; paper suppl ies, ribbon s and 
baskets for pr in te rs, plotters, terminals, 
paper tape and card rea ders; term inal 
stands, chairs, tables and other con
ve ni ence accessor ies. Th e 56 page co lor 
ca talog in clud es ord e r bl anks and is 
ava il ab le from Commun ica tion s Services, 
444 Whitney St, Northboro MA 0"1732. -

The Grapevine's Latest Gob let of 
Divi ne Juice 

Accordi ng to the vo lcano o f rumors 
and other prema ture en th usias ms, Jim 
Warren of Dr Dobb 's J oumal of Com
puter Calisthenics and Or th odontia (PCC 
Box 310, Menlo Park CAl in a pub lic 
utterance at a Ho mebrew Comp uter 
Clu b meet ing Janu ary 19, the re are som e 
good ies in the works from Zilog. Dr 
Dobb himself (alias Jim Warre n) says 
that reliable repo rts ind ica te the Z-200 is 
Zilog 's next produ ct, a hi gh leve l 
language stac k machine whi ch di rec tly 
exec utes PASCA L constru c ts as its 
machine level language . It remain s to be 
seen whether th is particu lar concoct ion 
is ground ed in rea lity o r th e result o f 
severa l stages of q ui te nonlinear 
ampli ficat ion. _ 

Two Co mputers in Every Home , 
Motherhood, Pi zza, Apple Pi e, et a l 

The la test word we hea r is tha t a f irm 
wi th the name Co mpute r Shac k, t ied up 
in so me nebu lous way with the peo pl e 
who bri ng you another kind of e lec· 
tron ics orie n ted Sh ac k, is planning to 
double or quadrup le the present number 
of co mpu ter sto res in ex istence through 
a nationwide f ranch ise program (see ad· 
ver ti se ments in BYTE , as we ll as an ad 
wh ich has ru n in Computer worJd severa\ 
t im es) . Here's one of the peop le respo n
sible, Ed Faber , presiden t o f Compu ter 
Shack Inc , loca ted at 1486 0 Wi cks Blvd, 
San Leandro CA 94577 .-



ROM Programs Beget ROM 
Progra ms .. . 

This new programme r for 2704 and 
2708 memory parts is an examp le of the 
creative use of a microprocessor to 
engineer a system whic h has features 
which wou ld be d ifficu lt if not impos
sib le to ac hieve prev iously. The system is 
a microprocessor controlled programmer 
wh ich all ows the user to create, edit and 
manipul ate data in a buffer memory 
usin g an RS·2 32 or 20 mA current loop 
(Teletype) terminal interface. In a 
hypothetical computer store PROM pro
gramm in g center, this programmer with 
its interactive command seque nces 
wou ld be con nected to a term in al or one 
of the demonstration comp uters of the 
store, so that custome rs cou ld edit and 
tryout p rograms before committi ng 
them to PROM . One can co nceive of the 
retai l store se llin g time on the program
mer at X$ per hour, with X se t to 
amorti ze the cos t of this $85 0 dev ice 
and its term inal in a reaso nabl e t im e. 
And of co urse the indu st ri al and com 
mercial firms who des ign products with 
microprocessors will find this device a 
most useful piece of eq ui pment for the 
microprocessor des ign and produ ct io n 
facility. The company which makes this 
device is Shepardson Microsystems Inc, 
20823 Stevens Creek Blvd, Bldg C4- H, 
Cupertino CA 95014. Accord ing to the 
press re lease, new products whi ch 
include a mu ltiple socke t version of th is 
programmer and add ition al programmers 
with simi lar features oriented towards 
bipolar PR'OM products are due soon. -

Finally, We'll Get a Low Enough 
Price for the 2708 

Texas Inst ruments has recent ly an
nounced its entry into the 2708 EROM 
market with the TMS2708J L part. This 
is an 8 bit by 1 K memo ry part with 
450 ns access. time, static operation and 
TTL co mpatibility, in a 24 p in package 
whiel1 will plug right into many micro· 
processor app li ca tions. We've got an 
artic le co min g up in a future issue of 

BYTE o n how to program th ese ch ips, 
wh ich wi ll be see n more and more 
freque n tly in persona l co mputing ci rcles 
ove r the next half year or so. Th e 
significance of the T I announcement is 
that it ma rks entry of alternate sources 
into a market wh ich in the past has bee n 
characte ri zed by high initi al production 
prices. At BYTE, we paid nearly $100 
for a 2708 seve ral months ago (quantity 
one, f rom a distr ibutor). As TI and a ll 
the rest of the new 2708 sources co m
pete their way down the " learnin g 
curve," we ca n expect to see these prices 
drop if past history is any clue. Don't be 
surp rised if the cost of a comp lete ly 
filling a Cromemco BYTES aver board 
with 2708s (8 K worth in 8 chips) has 
dropped to about $400 within one year. 
Loca ll y programmable E ROM parts are 
quite useful to have arou nd for stor in g 

From Swe\1en: 
L YS-16 

Goran Pete rson, of AB Aero-Te law 
Atew, Box 125 , 5-642 00 Flen, Sweden, 
se nds us a fli er on a new small comp u ter 
prod uct whic h his company has intro
duced. The product is the L YS- '16, 
designed by the Computer Soc iety of the 
Linkoping Techn ical Hi gh Schoo l in 
Sweden, and ava il ab le e ither in kit form 
or as a f inished product. The techn ical 
specifications of thi s product in clude: 
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freque ntl y used programs; so the more 
ve ndo rs there are, the better the pros
pects for a reasonable price.-

• Memory address space for up to 
64 K bytes. 

• 256 by te miniature operating 
system including a 1200 bps serial 
interface for audio recorders. 

• television interface (which obvi
ously must be designed for the 
local power line frequencies). 

Th e f irst deliveries are scheduled for 
th e spring of 1977, and the price is listed 

It 



New and Used 
Electronic Surplus 
• CRT Terminals 
• Peripherals 
• Electronic Assem hlies 
• Components 

Keyboards 

Tape Drives - None 

Higher than $1195 

Components - Power 
Transistors, Diodes, Resistors, Capacitors 

I ntegrated Circuits - from 
10 Cents 
Equipment Cabinets 
Transformers 

Send for a free catalog or 

Call toll free 800 258-1036 
in N H 603 885-3705 

Come to our Showroom 

VOLUME AND INSTITUTIONAL DISCOUNTS AVAILABLE 

W(iJ))RLDWIDE ELECTRONICS INC_ 
10 Flagstone Drive, Hudson, New Hampsh ire 03051 
Send my free catalog to 

NAME : ----------------------------------
ADDRESS : __________________________ __ 

I'm especially interested in : 
o NEW 0 TERMINALS 
OUSED 
OAS IS 

o PERIPHERALS 
o COMPON ENTS 
o ASSEMBLIES 

142 

as 5900 Sw Crw (based on fore ign 
exchange rates quoted in the Dece mber 
15 1976 edit ion of the Wall Street 
Journal, th is is eq ui va lent to about 
$1357 in US currenc y) . According to the 
f l ier, the company has about 180 
emp loyees and plans to offer a f loppy 
disk opt ion in the near future as well. -

Micro Cosmos PL EASE 

Robert Tripp, publisher of Th e 
Computerist, has announced a pac kage 
of software for the KIM-1 system wh ich 
he's sel li ng fo r $10. A cco rding ' to his 
announcement, the features o f thi s pack
age, distributed on a KIM- ) cassette, 
in clu de: 

• timer routines w i th 1 ms accu
racy. 

_ a clock program d isplayi ng hours, 
m inu tes and seconds . 

• an adding mach ine program with 
six di gi t add i t ion /subtraction. 

• a decim al to hexadecimal (and 
vice versa) con ve rsion rou tine . 

• a drunk test program_ 
• and a much longe r list of gim

micks and programs _ . . . 

He even cla ims to have a " high level 
language" as part of the package, and 
th at the whole set of programs is 
designed to run in an unmodified KIM 
wi th min imum memory. The pa ckage is 
to be distributed with complete source 
li st ings, operat ing in structions for the 
demonstrat ion programs, and instru c
ti ons on how to wr ite programs in the 
PLEASE high level form. 

Write Micro Cosmos, 210 Dani el 
Webster H wy S, South Nashua N H 
03060_-

New Hobbyist System 
Supports Ti Illesharing 

The SIXTEEN/8, a new perso nal 
comp uter announced by Western Digital 
Corp and Th e Computer Mart of Orange 
County CA, is the first personal syste m 
to our kno wledge whi ch supports full 
sca le timeshar ing wi th mUl t iple termin als 
and active jobs. Th e sys tem offers an 
instruction set simil ar to the Digi ta l 
Equ ipment Corp LSI -'11 , but co mes as 
two full y asse mbled cards wh ich plug 
in to an Altair or IMSA I backpl ane and 
perm it the use of ex ist in g memory and 
per iph erals. Th e price o f th e system with 
software i s $1295, and th e source code 
for all software is avai lable on floppy 
disk for th e cost of distribution . 

Th e SIXTEEN/8 hardware, mi cro
code and so ftware we re deve loped by 
Dick Wilcox , a We stern Digi tal emp loyee 
heav il y in vo lve d in deve lopment or th e 
LS I-11. The new mac hine 's mi cro code 
implements esse nti all y th e PDP-1 '1 in
stru ction se t as seen from the asse mbly 
language level, in cl udin g the floa ting 
po in t opt ion; but th e in struction en
codi ng is different and seve ra l PDP-1) 
inst ruct ion s have been omitted in o rd er 
to discourage the use of proprietary DEC 
software. A number of in struction s have 



bee n added whi ch considerab ly enh ance 
the po wer of th e SI XTE EN j 8 : these 
include short immedi ate mode , multipl e 
bit shi f t, and blo ck move instru ct ions; 
tab le indexed iump and su brout in e call 
instru c tion s; "load effec t ive address"; 
and in stru ctions to save and re store 
reg isters on th e stack . T y pi ca l in str uc
t ion execution t im es for th e SIXTEENj8 
range from 3 to l Olls . 

To perm it the use of exist in g 8 bi t 
micropro cessor memory and peripherals, 
the PDP-I ·I per ipheral address ing struc
ture was reva mped to support 8080 sty le 
10 transfers, an d ex terna l de mul t ip lex ing 
logic in volving so me 70 TT L chi ps was 
added to inter face a 16 bi t processo r to 
an 8 bit bus. The SI XTEEN j8 also 
supports 16 bit memory , vectored inter
rupts, and mu l t ip le DMA ports. 

Th e soft ware for the S I XTE E N/8 was 
de ve loped by D ick Wi lcox over a period 
of 41j2 yea rs on a PDP-11 /40 in hi s 
back bedroom and has bee n so ld to a 
number of large commerc ial users. Th e 
basic ope ra t ing sys tem supports flopp y 
disk space manage ment and a mu l ti-user 
f il e sys tem; mu l tiple in terac ti ve termi 
nals, each of whi ch may co ntrol several 
concurrentl y run ning iobs, and segme n
tat ion and overlay loadi ng fo r user pro
grams. Ope rat ing syste m ca l ls support 
devi ce in dependent 10 for al l program s 
and dev ices. User wr i tten drivers for 
special purpose devices are easily added 
to th e sys tem. Th e t imesharing fac ili tie s 
do not , howeve r, in clude virtual memory 
man agemen t or swappin g to f loppy di sk; 
no r is memo ry protect ion provided at 
prese n l. 

Progra m developm en t software in
cludes a tex t ed itor, a macro assem bler, a 
l inkage ed i tor whi ch com bines separa tely 
asse mb led programs, and a sy mbol ic 
debu gger wh ich permits run t ime ref
erences to source code names. A power
ful BAS IC co mpil er (not qu i te f ini shed 
at the time of this wr iti ng in mid
January) supports a wide range of 
BAS IC language fed tures, 11 d igit 
floati ng- poin t prec ision, and in teractive 
or batch execution w ith speeds es t i
mate d at 18-20 times th at of MITS 8 K 
BAS IC. An 8080 cross asse mbl er is also 
prov ided with the sys tem. Other soft
ware includ es a l ine print spooler and a 
CRT based iob status monitor . T he 
entire so urce code occup ies abo u t t wo 
doze n ful ly loaded f loppy disks. 

Use of th e sys tem is likel y to req ui re 
substan ti al amoun ts of main mem ory. 
The ba sic ope rating syste m occupies ·10 
to 11 K by tes, and th e BAS IC comp il er 
requ ires 12 K bytes ; a pract ica l sys tem 
for a single use r m ight we ll in clud e 24 K 
to 32 K byte s of memory: 

Although the fea tures described fo r 
thi s sys tem see m qu i te in cre dible, th e 
SIXTEEN j8 was demonstrated recentl y 
to members o f the Ho mebrew Comp uter 
Club in Santa Clara CA and appears to 
be a reality . Del iveri es should be under
Wa'l b'l the time th is note is publ ished. 
Also planned for later introduction is a 
comp lete package using 16 bit memory 
and a se l f -co ntain ed f loppy di sk dr ive, 

Your Mail Order Computer Shop __ _ 

IMSAI8080 kit with 22 s lots (lim ited quant i ty) .. .. .. . $599.00 
TDL Z-80ZPU (the one w ith full software available now) 242_00 
Edge Connectors and guides f o r IMSAI each. .... ... . 4_25 
Edge Connectors and g uides fo r IMSAI10 for ... .... 40_00 
Seals 8k RAM kit w ith 500 n s c hips . . .......... .. .. . 225_00 
Seals 8k RAM kit w ith 250 n s c hips . . .......... __ . .. 260.00 
North Star complete Micro-Disk System kit . .... .... 599_00 

WE TAKE 
MASTER CHARGE OR BANKAMERICARD 

For phone and mail orders .. . 
(Add 4 % of TOTAL ORDER for service charge) 

-=-BAN NA MIRICARO --TERMS: Shipping charges - $10. per CPU or large units, $1 .50 per kit, 
$2. minimum per order. 

Prov ided stock is avai lab le, we wi ll ship immedia tely for payment by 
cashie rs check or money order. 
Al low 3 weeks for personal checks to clear. New York State residents 
add appropriate sales tax: 

PRICES SUBJ ECTTO CHANGE WITHOUT NOTICE. 

For the best prices avai lable on : 
IMSAI • TDL • NORTH STAR • P0LYMORPHIC 

NATIONAL MULTIPLEX • SEALS ELECTRONICS 

CALL: (315)637·6208 
WRITE: P.O. Box 71 • Fayetteville, N.Y. 13066 

c:crnpb:!k... Boards DO Something 
; I 

'. II 
JS}: 1II :;)i~.I1 iii 

III! • II 
I 

\I III S9S-Kit 

CL2400 
Real Time Clock 

S135-Assembled 

If your system needs to know what time it is , our CL2400 is 
the board for you. The present time in hours, minutes, and 
seco nd s is always ava ilable for input , and is continuously 
updated by the highly accurate 60 Hz power line frequency. 
Need periodic interrupts? The CL2400 can do that, too , at any 
of 6 rates. Refere nce manu al with BASI C and assembly 
language software examples included. 

PC3200 
Power Control System 

PC3232 S299-Kit 
PC3216 S1S9-Kit 
PC3202 $39.50-Kit 

S360- Assm. 
S240-Assm . 
S52-Assm. 

If your system needs on / off control of lights , motors, 
appliances , etc ., our PC3200 System components are for 
you _ Contro l board s allow one I / O port to co ntrol 32 (PC3232) 
or 16 (PC3216) exte rn al Power Co ntrol Units , such as the 
PC3202 which controls 120 VAC loads to 400 Watts . Optically 
isolated , low vo ltage , cur rent· limited co ntrol lines are 
standard in thi s growing product line . 

cnrn.ntek.... --. . 

" Real World Electronics " 
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controller, and power supply. Inquiries 
about the SI XTEENj8 should be ad
dressed to Tire Computer Mart, 625 W 

Kate ll a, # 10, Orange CA 92667, (714) 
633- 1222, or to yo ur loca l Wes tern 
Di gital rep rese ntat ive. -Daniel Fylstra 

On e p lace is a co mpa ny ca ll ed Power 
O ne Inc, 531 Dawso n Dr, Camarillo CA 
93010. Th ese peop le have a new" Disk 
Dri ve Series" of power supp l ies for use 
in single and du al dri ve flopp y d isk 
memory sys tems. The product is aimed 
at the OEM (Origin al Eq ui pm ent Manu
factu rer ) systems hou se which puts to
ge th er custom products using f loppies 
and othe r subsystems. 

WHEN? 

Fesrivd/will be 

A pril 3D/May I , 1977 

begj,mj,,/( at 10:00 d. llI . 

Attentio n Floppy Users . .. 
Here's a Power Supply Module for You 

Suppose yo u dec ide to bui ld a floppy 
interface, such as the one Ken Well es 
descr ibed in Febru ary BYTE. O ne of the 
factors y ou' ll have to co ns ider is th e 
power suppl y for the flopp y i tse l f. This 
key component is not part of th e pr ice 
of the bare dri ve, but gene rall y is i n
clu ded if yo u buy a com merc ial f loppy 
interface package . I f yo u have th e ri ght 
voltages and spare curren t capac i ty si t
ting arou nd in some oth er suppl y of 
yo ur system, there is no prob lem, but 
where do yo u go i f you don't have a 
proper supp ly? 

The IMS A I Hard Copy Option 

This new $399 (k i t, or $549 
asse mbl ed) printer interfaces to an 8 bit 
para ll el output port. I t is a se l fcontained 
unit w i th case, cab le, power supp ly, 
t im in g, co ntrol and character generat ion 
logi c. Th e in terface is through a parall el 
cab le so it shou ld be qu ite easy to in sta ll 
th rough any para ll el in te r face board . Th e 
t y pe fo n t is a standard 64 character 
ASC II sub se t, with the opt ion of prin t-

These supplies w ill also prove to be a 
good item for comp u ter stores to carr y 
to augment independ en t hand l ing of 
f lopp y di sk compo nent lin es and inter
face s. Reta il ers shoul d f ind the 2 year 
factory warranty a usefu l se lli ng point 
along wi th over load and overvoltage 
protect ion . For individua ls dealing direct 
and prepaid, th e 1 to 9 unit prices range 
from $6 9.95 to $120 depending upon 
model. I f yo u 're interestecl, write for the 
brochure on the disk dr ive ser ies, Model s 
CP-1 62, CP-205 and CP-206.-

in g doub le size characte rs fo r hea di ngs. 
Th e co ntroll er features autom ati c line 
wrapa round so th at output lin es greater 
than 44 characters in length are pr inted 
on two or more l ines with no softwa re 
tr icks. Since i t is an imp ac t pr inter it ca n 
be used with mUltiple co py forms usin g 
ca rbon or NCR pape r. Fo r furt her infor
mat ion on the IMSA I Prin ter, wr i te to 

I MS Associates Inc, 1486 0 Wicks Blvd, 
San Leandro CA 94577 .-

••• ••••• 
..... &-•• 

WHAT? 
1·ll 'CIi 1'1.1 ,·1 M.·I IU( I ,"I' · 1-1.-1 RDlv, 1 IU ; & S()I'TlI ',·1 IU ; 

Gellcrlll Re,{!is t ratio1l ' S4.00 ( S tlldelll S2.00 ) / Stlle·S · S2.00 per .I/WI 

EX HlIlITS - DISI'L ,11'S - 'l'r,CI-IN IC, I L '/>ILKS - CUN T/ ;S n 

,-III/ IH e IfT C Olllrmter CII/b COl/pe l/fio ll 

HOM I ; COMl'lT/NC - I'I1IZt:S - .\I . · I N lI / ".'I CTlIRU~S H{)()"/HS 

SI)('c iaII EJ:'E Cml/Crt'" Ce 0 " C()I1.~I "'I('r cHId I-/() i;uy 

API'/iCtllio ll oj .\liew L OU//,II len! 

For further information: 

WHERE? 

u.olft e 31 

609-77/ -248 7 

II/r ite: TIU:N T()N COM /)( r J'l..:' R J·F.Yfl VAL 

Trc:"tol l S((/(t' Cofle.t!(. 
Tre/I/OI' . N. j. 086 25 
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Computer Stores in Canada - How many are there ? 

Many stores have opened in Canada 
within the last year or so. Seven stores 
are known to us , and there are probably 
quite a few more which we do not know 
about. We would appreciate our readers 
telling us about stores not listed here. 

Pacific Computer Store 
4509-45 11 Ruper-t St 
Vancouver BC V5R 2J4 
(604) 438-3281 

The Computer Pl ace 
186 Queen St W 
Toronto ONT M5V 1 Zl 
(416) 598-0262 

Focus Scientific 
160 Elgin St 
Ottawa ONT K2P 2C4 
(613) 236-7767 

Computer Master Systems Ltd 
69 Gloucester St 
Toronto ONT M4Y 1 LB 
(416) 924-9789 

First Canadian Computer Store Ltd 
44 Elin gton Ave 
Toronto ONT M4R 1 A 1 
(416) 482-8080 

Computer Hobby Shop 
4812 16th St SW 
Calgary ALBERTA T2T 4J5 
(403) 243-6776 

The Computer Shop 
35 1518thStSW 
Calgary A LBE RT A 
(403) 243-0301. 

The Great 

International 

Math On Keys 

Book 
From Texas Instruments 

Do you need a numerical algorithm for calculating exchange 
rates in a hotel on a foreign trip? Or figuring those 
mysterious "points" when facing the sanctimonious charisma 
of a banker at mortgage arrangement time? This book is a 
compendium of simple e xplanations and step by step 
procedures for accomplishing numerical solutions to 
numerous commonly encountered situations in daily life . 
Each entry is characterized by a statement of the problem, 
including the elements of theory required , and the keystrokes 
needed to solve the problem on an algebraic entry calculator. 
This is an invaluable sourcebook of information for the 
person who is inclined to manipulate numbers. $4.95, plus 35 
cents postage. 

Send now to: 
BITS, Inc. 
70 Main Street 
Peterborough N H 03458 

Master Charge and 

BankAmericard Welcome. 

Please allow six weeks for delivery. 

1l~11 Subscriptions 

Since <?ur subscriptions have increased so greatly, we have decided to use a subscription service. This 
new service will make it possible to serve you better and faster. 

... 

According to theory, any systems transition is supposed to be smooth . However, if there should be 
some unexpected and unplanned problems, please bear with us during this transition period. 

Please address all subscription correspondence to 

BYTE Subscriptions 
PO Box 361 
Arlington MA 02174 
(617) 646-4329 
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Want to help your club reach out to the 
nearly 200 computer groups around the 
country and the world, share information, 
newsletters and valuable organizational 
experience? That's what this column is here 
for. We'd like nothing more than to help 
your group benefit from the attention it will 
receive from a writeup in a magazine that's 
widely read by people like you. People who 
are forming groups are invited to send details 
or questions. New clubs are especially 
welcome. We ask the more established to put 
us on their mailing lists. All correspondence 
should be addressed to Peter Travisan 0, 

BYTE, 70 Main St, Peterborough NH 03458. 

Personal Systems - San Diego 
Computer Society 

It's always a pleasure to see a job well 
done and the San Diego Computel' Society's 
publication Personal Systems does its job 
well on a monthly basis. There's plenty here 
for the thoughtful hobbyist to read through, 
think about and experiment with. Dr Lance 
Leventhal's first rate series, "The Micro
Tower" is always a treat, and there are 
plenty of other goodies. A recent issue 
carried what looked to be an interesting 
program in F-8 machine code called 
Mastermind - a game of code breaking 
which will probably tantalize and challenge 
the best of us. Someone finally did it, the 
article many of us wanted to see, but were 
afraid to ask for, "The Complete and Utter 
Idiot's Guide to Computer Programming," a 
reprint from a recent issue of the Homebrew 
Computer Club's newsletter. This should 
save a lot of aggravation for people just 
breaking into computers. 

Of interest to anyone with the ability to 
get there is the West Coast Computer Faire 
to be held April 15 through 17 1977 at the 
San Francisco Civic Center. According to 
Personal Systems, the Faire is expected to 
draw from 7000 to 10,000 people. There 
will be 50 to 100 tutorials, an exposition of 
homebrewed, exotic, and low cost systems, 
components, and you name it, along with 
commercial exhibits. In short, it pl'Omises to 
be an incredible experience for those inter
ested in computers. 

146 

If you'd like to find out more about the 
San Diego Computer Society, drop a note to 
POB 9988, San Diego CA 92109. 

Computer Ham? Check out AMRAD 

The Amateur Radio Reseat'ch and Devel
opment Corporation is by, of, and for those 
people who are the vanguard in their hobby , 
ham radio. Speeding up radio communica
tions often means the employment of 
computers. AMRAD is making an attempt at 
organizing a regular newsletter which could 
conceivably be a boon to people of similar 
interests. If it's going to work, they'll need 
your support. Contact Amateur Radio 
Research and Development Corporation, 
1524 Springvale Av, McLean VA 22101. 

Trenton Computer Festival 

Trenton NJ, the place where it all began 
for amateur computer festivals, is about to 
do it again on April 31 and May 1 1977 at 
TI-enton State College, Rt 31, Trenton NJ. It 
looks like this is going to be a good sized fair 
with 30 speakers, up to 90 demonstrators 
and an outdoor flea market. Forums are 
planned on microcomputers for home, radio 
amateurs, education and medicine, consumel
applications of microprocessors, computer 
music, robots, graphics, speech synthesi s, 
establishing amateur computer standards and 
a computer club convention. 

Sponsors include a ' number of groups: 
Amateur Computer Group of New Jersey, 
Philadelphia Area Computer Society, 
Trenton State College Digital Computer 
Society, Institute of Electrical and Elec
tron ic Engineers - Princeton Section and 
the 'Department of Engineering Technology, 
Trenton State College. 

It is expected that attendance will exceed 
3,000. There will be amateur computing 
contests and awards, a Saturday night 
awards banquet, programming copying ser
vice, forum audio cassette copying service, 
free bus service between hotels and motels 
and fest, activities for wives and kids, and 
free parking for up to 4,000 cars. 

For more information write Trenton 
Computer Festival, Trenton State Coll ege, 
Trenton NJ 08625, 

Societe d'informatique Amateur du Quebec 

Computer buffs in Quebec will be glad to 
hear of the formation of the first French 
speaking computer club, Societe d' I nfor
matique Amateur du Quebec. Hobbyists 
from everywhere in the province are invited 
to get in touch with Ricardo Talbot at 
(418) 522-3349 during the day or (418) 



522-4872 at night . Correspondence 
should be directed to him through I RISCO 
du Quebec Inc, 376 du Roi, Suite 304, 
Quebec PQ 2W6. SI AQ looks forward to 
relations with all clubs in Canada or the US 
willing to forward their newsletter. 
Bon chance. 

South Florida Computer Group 

We came ac ross this ingenious little ditty 
in vo lume I #9 of th e South Florida 
Computer Group's news letter reprinted from 
" Florida Skip" and thought we'd pass it on 
to you. 

Xvxn though my typwwritxr is an old 
modxl, it works quitx wxll xcxpt for onx 
kxy. Thxrx arx 46 kxys th at function wxll 
xnough, but just onx kxy not working 
makxs thx diffxrxncx . 

Som xti mxs it sxxms to mx that our 
g!"Ou p is somxwhat likx my typxwritxr, not 
al l thx kxys arx working propxl"ly . You may 
say, "Wx ll , I am only onx pxrson. It won't 
makx that much diffxrxncx." But you sxx, 
for th e group to bx xffxctivx nxxds thx 
activx participation of xvxry pxrson. 

So thx next timx yo u think you arx only 
onx pxrson and that your xffort is not 
nxxdxd, rxmxmbxr my typxwritxr and say 
to yoursx lf, " I am a kxy pxrson and nxxdxd 
vxrymuch!" 

Those peop le in the Fort Laud erd ale -
Miami area should look into the advantage 
of joining the South Florida Computer Club, 
410 NW 117 St, Miami FL 33168, 
(305) 685-1218. 

Tulsa Computer Society 

Some information on a goi ng computel· 
group in Tulsa has fou nd its way to this 
desk. The Tulsa Computer Society has been 
in existence for nea rl y a year, meet ing the 
last Tuesday of each month. Write: Tulsa 
Computer Society, POB 1133, Tulsa OK 
74101 or call Jerry Henshaw at (9 18) 
836-7364. 

North Central Ohio 

We're always glad to mention new clubs 
in these pages and the North Centra l Ohio 
Computer Club is no exception; it's an 
organ ization fo r hackers in the Mansfield OH 
area. FOI" details co ntact Bil l Hicks, 
618 Teakwood Ct, Galion OH , (419) 
468-7477 (home) or (416) 468-8975 (work). 

SMUG in Sacramento 

The newsletter of the Sacramento 
Microcomputer Users Group (SMUG), Push 

and Pop, is up and running again after a 
yeal"s absence. In it is news of an informal 
forum fOI· hobbyists to share information, 
successes and mistakes. Neophytes are 
invited to come in and lear n from veterans 
so they won't have to reinvent the Wheel. 
Most meetings include speakers and a 
"Random Access" period in which individ
uals can obtain personal information and 
help f!"Om others in the group . Get in touch 
with SMUG at POB 161513, Sacramento, 
CA 95816. 

Stony Brook NY 

We've just received word that a new 
group of hobbyists has formed on the 
campus of the State Univel-s ity of New York 
at Stony Brook. The Stony Brook 
Home-Brew Computer Club is an informal 
gro up, both hardware and software oriented. 
Members have their own systems and the use· 
of the school computer to experiment with . 
To learn more abo ut the Stony Brook 
Home-Brew Computer Club write to Ludwig 
Braun, Professor of Engineering, State 
University of NY at Stony Brook, Stony 
Brook NY 11794.-

Conducted by 
Peter Travisano 

1702A MANUAL EPROM PROGRAMMER 
Features hex keypad, two 
d igit hex add ress and two 
digit hex data display. Con
trols include load, clear, go! 
(step), key/copy, data in/ 
data out, and counter up/ 
down. Profile card includes 
high voltage pu lse regulator, 
timing, 8 bit address and 8 
bit data drivers/receivers. Two 6Y:,' x 9" stac ked cards with 
spacers. Allows programming in 20 minutes - copying in 
5 minutes. Requires +5, -9, and +80 volts. 
ASSEMBLED ......... . . . ........... . . • . .. $299.95 
K IT . . ... ...... ... . . . ............ .. ...... ·$189.95 

NOW 
The best of two worlds ... use our 1702 EPROM programmer 
as a manual data/address entry programmer ... or connect it 
to you r processor. 

IMSA I/AL TAl R computer interface (requires 3 output ports, 
+1 input port) and softwa re ................... $49.95 
Briefcase unit with power supplies and interface connectors 
(assembled and tested only) .. . .............. . $599.95 

ANNOUNCING 
Our NEW 16K Byte PseUdo-Stat ic, IMSAI/AL TAl R compat
ible RAM. Single card slot. Uses less power than equivalent 
low power RAM. All memory chips socketed. Uses al l prime, 
factory fresh I Cs. High qual ity, two-sided, through-hole
p lated ci rcu it board . Crystal control led, total ly invisible 
refresh system requires NO software management. Just p lu g 
it in and use like STATIC memory . 
Complete kit . .... . .... . ... . . . ............. $349.95 
Assembled, tested, and burned in . . . ........... $549.95 
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12444 Lambert Circ le • Garden Grove, CA 92641 

(714) 539-0735 



THE AUDIO AMATEUR is a quarterly for the enthusiast who enjoys hands-on work 

in building or customizing his audio equipment, or technical savvy about his hi fi gear. 

TYPICAL ARTICLES: Octave equalizers, Transmission line loudspeakers with 8" to 24" 

drivers, Electrostatic speakers with a 900 Watt direct drive amplifier, Mixers, 

preamps, parametric equalizers, stock equip~ent modifications for Heath and many 

Dynaco units. Completely tested circuits, construction aids, etched circuit boards, parts 

sou rces . 

READERS SAY: "A hit here at WLWT Te/evision ... provided several useful ideas for our 

engineers" " ... Cannot praise you enough for your understanding of iust what it is audio 

enthusiasts with limited know-how yearn to do." "As an audio technician I have found 

TAA one of the best sources for technical help in the audio field .. . " Craig 

Stark of Stero Review says: "Those interests of the 'home constructor ' The 

Audio Amateur serves are ... absolute/y top quality. The magazine is, I thnk, the only 

American publication devoted to the really serious audiophile constructor." 

DEPT.B P. O . BOX 176 
PETERBOROUGH, 
N .H . 03458 U.S.A. 

o Check here for free prospectus. 
o I enclose $9.00 for 4 quarterly iss 'Jes. 
o I enclose $25 .00 for twelve issues . 

NAME ____________________________________________________________ ___ 

ADDRESS ________________________________________________________ __ 

CITY ___________________________ STATE ______ ZIP COD E _____ _ 

Please allow six weeks for delivery . Rates above are for the U.S.A. only. Rates for other 
areas available on request. 



continued from page 59 

Blondefield. T he mechani cs of the sys
tem are the major prob lem for expe ri· 
menters now in robotics. Remember that 
we're talk ing abof-lt prel iminary, very 
bas ic devices. T he prob lem fo r ex peri 
melHers is that i t 's no fu n at all to wor k 
wi th syste ms that don 't do any thin g, 
don' t move about and fe nd fo r th em· 
se lves even in a pri mit ive way. I t is 
extraordinari ly d iFficul t to design and 
bui ld a rel iab le "veh icle," even a whee led 
dev i ce w i t h o ut r eachin g mem
bers ... and that's a requ ireme nt iF the 
work is rea ll y to dea l wi th ro bo ti cs and 
not onl y conve nt ional elec troni cs. 

T hat's where ou r erFort is beginning 
- wi th the mechani cs, to whi ch an array 
of sensory and ju dgemental circu itry 
may be f i tted. Circ ui t design is procee d· 
ing in parall el , of cou rse, bu t the 
mechani ca l syste m is of paramoun t 
impo rta nce in the short haul. . 

Wi thout dwe lling on the matter here, 
we have some un usual resou rces in the 
areas bo th of mecha ni cs and circu i t ry . 
We expect to produce a satisfacto ry 
syste m - sched u le in dete rminate, cos t 
indetermin ate . We do hope to issue short 
reports that may be of in te rest to yo ur 
rea ders, not onl y those dea ling with 
mi croco mputer sys tems spec i f ica lly. 

Gl enn R Norris , Pres ident 
Uni ted States Roboti cs Society 

POB 26484 
Albuquerque NM 87102 

Mr Norris sent along copies of appli
cations forms for USRS, which is a 
nonprofit organization for the robot 
builder. Th e du es are $12 per annum. 

The point aboul m echanics depends 
upon how you view the problem. In my 
poinl of view, I see a readily consUuc· 
lible solution 10 the problem of making 
the walking robo t device mechanical ly, 
firs I implemented as a test bed with 
model aircraft servos, later with stronger 
mechanisms for a more practical device. 
I see the dynamic con trol of a moving 
mechanism as a really fun software 
challenge wi th elements of real time 

con trol, ar t i ficial in telligence techniques 
and applicati ons of microp rocessor intel
ligence. 

The mechanical prob lem is a dif ficu l t 
one when you change the context from 
that of my "tinkerer's" point of view to 
the point of Iliew of the production 
engineer who wants to mass-produce a 
reliable device, where reliable is defined 
in a manner sim ilar to Detro i t's defin i
tion of a reliable car: a neighborhood 
specialist can fix the product withou t 
total ly r ed esigning it . .. . CH. 

CRT 
Terminals 
• Includes: 

UPSIDE DOWN DATA ANYONE? 
I 'm certa inl y not a co mpu te r ex per t ; 

however, a ve ry inte res ting and confusin g 
aspect of the comp u te r co mpat ibi li ty 
has co me to m y attenti on. I un de rstand 
a lo t of t ime and effo rt has gone in to 
setting up a sta ndard format fo r data 
exc hange; howeve r, th ere see ms to be 
so me co nf usion in de finiti ons, espec iall y 
for newco m ers li ke myself and appa r
entl y others: de fi n i tio ns of m ar ks and 
spaces, Os and '1 s, etc, at t rue log ic leve ls 
for use rs and expe ri men ters. 

12" CRT; 64-key keyboard; line driver/receiv
er; power supply; plastic cover and bezel 

• TTL input levels; 12.5MHz video bandwidth 

• A high quality unit; ideal for microcomputer 
applications 

• Fully assembled, not a kit 

• Only $195 in singl e unit quantities 
(FOB Hampton, Va .; no COD) 

WYI..E COMPUIIR PRODUCIS 
3200 Magruder Blvd. 

Hampton, Va . 23666 (804) 838-0122 

&.~ YO •• COMPUTER 

<@> fIJIO_PlI1Ift.. • •• ,1 e FAST SCAN SYSTEM 
T.V. CAMERA & DISPLAY 

INTERFACES FOR AL TAIR/IMSAI 
.PLAY GAMES & LET YOUR COMPUTER .TEACH YOUR COMPUTER TO READ, .LET YOUR COMPUTER MAKE DECISIONS 

BASED ON VISUAL INPUT SEE THE BOARD DO SURVEILLANCE . ETC. 

S LOW SCA N T.V. CAMERA FAST SCA N T.V. CAM ERA COM PUTE R T O M ONI TOR ' - - - - - - - - - - - - --
T O COMP UT ER I NTERFACE TO COMPU T E R IN TE R FACE 

MaXimum H Ori zon tal Resol ution 230 11 5 
MaX Imum Vertical ReSO lut io n 2 12 106 
MaXImum Grey Scale 16 16 
MaX imum Convers ion T ime 5 sec. 1/30 sec. 
Minimum Memory Acqu i rement s· <8K <8K 
OSCILLOSCOPE/ PLOTTER DISPLAY lor random 4096 poin ts o r 682 line 
segments with 4 K RAM. (Requi res 150 Kh z bandwid th osci ll oscope . ) 
Anv T. V. camera can be used . 
All equipment fully asse mbled and documen ted. Allow up to 9 0 days lor de li very . 
• Not for max imum resol utio n . 

ENVIRONMENTAL INTERFACES 

INTERFACE 

115 
106 

16 
1/60 sec. 

<8K 

M all chl!cl(s o r 
mo ney o rder§ 10 P.O. Bo x 18011 Cleveland , Ohio 44118 (216)371-8482 
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D ·SLOW SCAN INTER FACE 
o FAS T SCAN INT ERFAC E 
D COMPUT ER TO M ONITOR IN T ERF AC E 
o OSC IL LOSCOPE/P L OTT ER D I SP LA Y INTER FAC E 
D B L ACK AN D WHITE T .V. CA M ERA 
01 2" T . V./ M ONITOR COMBIN A TI O N 
o SE N D MORE IN F OR M ATI ON 

5295 
54 5 
24 5 
495 
300 
150 

Enctosed is my ch ecklmoney order lor :·$ __ 
Nam e: ____________________________________ __ 

Address: __________________________________ __ 

City : _ _______________ State ____ Zip __ 

Ohi o residents p lease add 5.5% sales ta x, thank you. 



I have (built) a 6800 based micro 
with a Bit Boffer 10 in terface. A friend 
of mine has a SWTPC 6800 with a n 
AC30 SWT cassette in terface. There the 
problem starts! These simil ar computers 
w ill not talk to each other, period! We 
tried excha nging tapes, tying the lOs 
'together, yo u na me it; garbage, but no 
data. Both systems are co nfi gured for 
300 bps Kansas City standard? We 
checked clock timing, amp litu de, phase, 
etc, and even looked at t he data comi ng 
off both interfaces w ith a scope a nd the 
data appeared to be perfect. Both sys· 
tems wo uld record a nd pl ay back the ir 
ow n tapes 100%. Finall y a ray of ligh t: 
Listening to the tapes , t he 0 and 1 

freque ncies were d ifferent. Sol uti on: 
Invert the data. 

Th at 's right. Tu rn it u ps id e down, 
and now they work. Seems li ke the 
stand ard is no t so stand ard . So fo r a ll the 
others ou t there who don 't have al l the 
fac il iti es to f ind a u t why th e system 
doesn't wor k properly, and yo u ca n't 
read the 8 K BASIC or friends' tapes, I 
wou ld like to offer a n easy fix so Bit 
Boffers ca n tal k to AC30s, etc. 

Two modifi cat io ns are requ ired: 
Either ru n a ll the data thro ugh a n 
inver ter, ie : TTL, CMOS, etc, before the 
Bit Boffer mO'du la tor to make a tape t he 
AC30 can read or vice versa . To read 
rece ive data modify either the Boffe r o r 
AC30 by add ing a lead to the Q or Q 
output o n the 4013 that was not pre· 
vio usly used, on the data out IC in 

First Come 

First Served 

Back Issues of BYTE 

About 600 July, 400 Aug., 1,000 
Sept., 50 Oct., 200 Nov. and 100 
Dec. 1976 issues of BYTE. Orders 
will be filled on a first come first 
served basis until the supply is 
ex hausted; we will partial ship and 
return any monies in excess. 
Readers please send $1.75 for each 
issue; this includes postage and 
handling. 

Th e Compute r Place 
186 Qu een St. W 
Toronto M5V 1 Zl 
416-598-0262 

Focus Scientific 
160 Elgin St. 
Ottawa K2P 2C4 
61 3-236-7767 

Dealers please inquire 
416-598-0262 

eit her. If yo u use a doubl e po le sw itch 
on this and t he origin a l lin e , yo u ca n 
read e ith er po la rit y data ju st by throw
ing the sw itc h . 

I wou ld like to co ngratu late you on a 
very fine magaz ine. It car ri es more in for 
mation th an most asse mbl y a nd user 
man ua ls of most co mpa ni es 'in the e lec
tronics business. 

I personall y d isli ke the term 
"hacker." I've been in the business of 
tryi ng to upgrad e electro nics tech nic ians 
for 3 0 yea rs and nonp rofess io na l na mes 
like hacker lower, rather th a n raise, the 
status of peop le with e no ugh sk ill to 
build a nd run a computer. 

I p rese ntl y am wr iti n g an arti cle on 
my un ique 6800 system, comp lete with 
pi ctures, and I hope to submit it to yo u 
in the near future for possib le pub li ca
tion in BYT E. I (we) wou ld li ke to see 
more ar tic les on 6800 software. I've run 
al l th e programs published in BYTE on 
my sys tem and su re hop e to see more . 
Keep up the good work. 

Warren V Bell C ET 
Service Manager, RCA Products 

Solid State Elec tro ni cs 
N1604 Smith St 

Spokane WA 99207 

The data still conforms to the 
standard. You're compla ining about a 
detail of the way the tape recorder is 
lVired, or designed, which definitely does 
lIary from recorder to re corder. It's a 
malleI' of which side of the output 

.... COMPUTER 
PROGRAMMING 

COURSE 
Free descr ipt ion and out lin e of 
Modu -Lea rn TM H ome Study 
Course in mic rocomputer pro
gramming. Hundreds of pages of 
text with examples, proble ms, 
and solu tions . Prepa red by pro
fessiona l design engineers using 
the best software des ign tech 
niques from structured program
ming and practical experience 
with microcomputers. Presented 
in a modu lar sequence o f 10 
lessons oriented for the new 
programmer. Ex tensive re fere nce 
mate ri a l you w ill use long after 
you become an accomplished 
microcomputer software designer. 
Much of the informati o n in the 
course has been avai lab le on ly 
th roug h cos tl y seminars. Now 
you can purchase th is comp lete 
home s tudy course for under 
$50 .00 . Send for free desc riptive 
broch ure now. 

LOGICAL 
SERVICES INCORPORATED 

711 Stierli n Rd , Mountain View, 
CA 94043 (415) 965-8365 
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speaker is connected to which contact of 
the speaker jack. One way yields an 
inllerted signal, the other yields a normal 
signal. Don Gunter, of STM Systems, 
dropped by our office to sho w off some 
of the latest additions to BA B Yond one 
of his remarks in passing was that STM 
has two different cords for plugging into 
cassette drilles when using their audio 
interface. I f one cord doesn 'I work, Ihey 
recommend using the other cord which 
switches the contacts on the miniature 
phone plug which goes into the speal?er 
joel? of the recorder. This reflecls your 
problem, which will be a problem for 
any tape interface to audio recorders, 
and may lIary from unit to unit of the 
same model recorder ! • 

Some letters to BYTE are 
technical in nature and are 
best served by some form of 
response. We wi II try to 
answer as many such letters as 
possible . I f you have a puzzle 
concerning some aspect of the 
personal computing field, 
write down a clear statement 
of your question and send it 
to: 

Ask BYTE 
Byte Publication s Inc 
70 Main St 
Peterborough NH 03458. 

We will publish names and 
addresses of individuals 
making Inquiries unless you 
specifically request us to omit 
the reference . • 

THE PROM SETTER 
READ/WRITE 

1702A and 2708 
ALTA IR/ IMSA I COMPAT IBLE 

NO EXTERNAL POWER SUPPLY 

LET YOUR COMPUTER 
DO IT ALL 

SOFTWARE INCLUDED 
Doubles as an 8 Bit Para ll el I/ O 

KIT COMPLETE $165 
ASSEMBLED $245 

DELIVERY LESS THAN 60 DA YS 

SZERLIP ENTERPRISES 
HARBOR C ITY, CA. 90710 
Ca lif. Res. Add 6% Sales Tax 



THE 
COMPUTER CORNER 

Lower Hudson Valley 
Southern Connecticut 

·IMSA18080 
·POLY-88 
• Teletype suppl ies 
• Full line of magazines 

• Processor Tech 
• Computer Book Service 
• Magnetic t;3pes & disks 
• Brain Games & Puzzles 

THE COMPUTER CORNER 
White Plains Mall 

200 Hamilton Avenue 
White Plains, N. Y. 10601 

Tel : (914) 949-DATA 

Hours : 
10-6 Daily & Saturday 

10-9 Thursday 

CANADIANS! 
Eliminate the Customs Hassles. 
Save Money and get Canadian 
Warranties on IMSAI and S-100 
compatible products . 

IMSAI8080 KIT $ 838 .00 
ASS. $1163.00 

(Can. Duty & Fed. Tax Included). 

AUTHORIZED DEALER 

Send $1.00 for complete IMSAI 
Catalog . 
We will develop complete applica
tion systems. 
Contact us for further information. 

Rotundra A 
Cybernetics __ 

Box 1448, Calgary, Alta. T2P 2H9 
Phone (403) 283-8076 

TWX 610-821-1883 

YOU'VE SEEN THIS PRINTER 
AT TWICE TH E PR ICE 

NOW ONLY $276.00* 
NEW! NOT USED' COMP LETE! 

EXPANDOR PRINTER 
• Operates at 10 CPS 
• Pr ints 80 posit ions wide - 10 CPI 
• Pi n feed pi ate n I ncl uded 
· 8 Bit parallel interface incl uded 
·64 Character ASC II code set 

P.S. It 's compatible with the 
PortaCom.1 

Cover optiona l at $29.50 
• Pa. residents add 6% sales tax 

CHECK ... MONE Y ORDER .. . BANK 
AM ER ICARD ... MASTE RCHARGE 

EXPANDORINCORPORATED 
Dept. 111 ,612 Bea tty Road, 

Monroeville , Pa. 15146 
Telephone: (412) 373-0300 

1338 BaltrmOIf' Ali t' . Sulle 200 
CoHeqe Park , Ma ryl,lI'Od 10740 

JOINT V ENTURE 

GROUP OEM BUYS 
IMSAI 'Tlade ki ts & assernhlt,(j lIll!t~ __ 15% OFF LI ST 
TE C·9900-SS -UF, 16 h it 119000 !Tlle/o P, 32 b" 1/0, 
har(\w;Uc nlull & (!iv , bu llc 'I)!! Ilus. 20 rna Of HS 232. 8 
lr1 lC ' lU j) t S & SOC ~ (! I S $279.00 
TE C-99QO·32KB 32 K bv les rT1{)ITI(JJy $649.00 
TEC -9900-PP pow er sUlmlv $129 .00 
SPHERE 1.115 & .1s SCl11blccllllll' .. _ __ 10% OFF LIST 

CAOMEMCO 11:1 15 & 1 1 10% OFF liST 
SANYO Iv M orulors 10% OFF liST 
TO l l PU & Z16K 10% OFF liST 
SEALS Ok bal bachJU M crn _ __ 10% OFF liST 
PERSCI Dual lIonDv & ulwlllgel1! con troller "270 tl 
1070) SI395 .00 
SHUGART M INI FLOPPY S350 .00 

AMD FAC f ORY PRI M [ I E5 lED lor MIL S I D 883C 

91102 SOOns _ _ 51.00 9102 ~OOns _ _ 51.65 
91l02 4OOns __ 51.99 9102 400n5 __ 51.95 
Z·80 nllc roP _ _ 554 .00 Z·80-PIO _ __ SI5.00 
Z.80·C1 C _ __ SI5.00 n 02A EFROM _ $8 .00 
I:ll8OA 25 M H _ _ S17 .00 OOOOA 30 MH __ S20.00 
8000 PPI ___ SI0.00 80805CI _ _ _ SI0.00 
8112 ttO no rt __ 52 .50 8224 00ck Gcn _ $4 .75 
B228 Clock Oliver _ 55.50 8216 / 26 Oliver __ 52.50 
95fi5 PPI ___ S9 .50 9551 1'0 _ __ 59.50 
2708 FnrOIIl __ S59.00 2102 6!:Ons _ _ S1.75 

ADM·3K, CRT & adclr e5sable CUI !>or $925 00 liSl $825 .00 
AXIOM 00 Col. 160 c hill / sec 1lIlll ler . oaraliel IIl ler lace 
Sfii)'-> 001151. 'r ial IIlleriace $7110 001151_10% OFF LIST 
Nat. Mulliolex Dlgllal 1 ,lIle rc conler s & ~ II S 10% OFF liST 
M51 tlonnvs & lOIS 10% OFF LIST 
Pennywhislle modern 5% OFF UST 
n "srkJn l 700" model 7'13 . PIllI1e1 51395 Irst 5% OFF LIST 
A$TRAl2000 1<.1\5 10% OFF liST 

Send 52 00 10 1 newsle ttcr & lists 
o lhe' chips 2900 .... cr'I: ~. 11K rnems etc 

16 1)111 socl:el & cao tnr memor', ch iD 25 
1(111 n'l"/ rncnt to r dI SCOUI11 <;. add 4%. fnrn 4 00 

to r Sl1l l>om9 & h:;n(! hnq . or ders ullllr::ed l o r 
low est dl ~Oljfl l or\ OEM GrOlm bu vs 

' Jll CI~S subtec t 10 dlilll qC Withou t not ice 

CHASSIS, SYSTEMS 
For Motorola D2 Kit 

• Provisions for 15 card's 
• Motorola Compatible Bus 
• 15A @ 5V, ±12V at lA Power 

Supply 
• Tape controls for 2 tape 

recorders 
• Monitor programs for TTY or 

RS232 
• Memory Boards, Video Ter

minal, etc. 

M Systems 
PO Box 208 

Bergenfield, N.J. 07621 
Dealers Inquiries Welcome 

.Ti\U: \.;~:: I I ( l - l l 

HTC 88P kit $138 
wri te today for specs 

Homestead Technologies Corp. 
891 Briarcliff Rd. NE Suite B-ll 
Atlanta, Georgia 30306 

dealers please inquire 



Personal Computing 
It's happening at the Dallas Convention Center 

Big Plans for "Big D" 
Innovation and relevance are key words for the 1977 National Computer Conference, the 
first NCC ever held in the Southwest and the year's largest gathering anywhere of data 
processing users, computer professionals and computer hobbyists. More than 25,000 peo
ple are expected to gather in Dallas for a conference program of more than 100 sessions 
and the year's largest display of computer hardware, software, systems and services-plus 
the first National Programming Contest and a series of outstanding Professional Seminars. 

Largest Computer Exhibits Ever 
More than 250 major hardware and software companies will pack more than 1,100 booths 
into the Dallas Convention Center's '11odern 200,000-square-foot main hall. And addition
al space for the Personal Computing Fair & Exposition is on the next level for a totally 
separate exhibit by commercial producers of Personal Computing hardware and software. 
For information on exhibiting in either area, please contact Ms. Carol Sturgeon, manager, 
conference operations, National Computer Conference, 210 Summit Ave., Montvale, N. J. 
07645,201/391-9810. 

Headquarters Hotel 
Personal Computing headquarters for the 77NCC will be at the Holiday Inn in downtown 
Dallas. Low-cost housing also will be available at Southern Methodist University. Fill in 
the coupon for information about NCC's Deluxe Travel Service, wh ich can take care of all 
of your travel and housing reservations for you in one neat package. Or, contact 77NCC, 
c/o American Federation of Information Processing Societies, Inc., 210 Summit Ave., 
Montvale, N. J. 07645, 201/391-9810. 

r----------------, 
For More Information! 
To: 77NCC 

clo AF IPS 
210 Summit Ave. 
Montvale, N.J. 07645 

Yes, J am very interested in th e 77NCC an d th e Personal Compu tin g Fair & 
Ex pos iti on. Please keep me informed about the conference program, ex hibits 
and all related activ ities and events, and please send me information abo ut : 

o Ex hibiting my perso nal compu ter system 

o Ex hibiting my company's com mercial products/services 

o Perso nal Computing Fa ir & Expos iti o n eve n ts 

o The firs t National Programming Contes l 

o Profess io nal Seminars 

o Nee's Deluxe Travel Service 

o Low-cost housing at SMU 

o And, .I'd like to rece ive your bi-monlhly news le tter , NCC ROUNDUP! 

Name: ________ Ti t le: _____ _ 

Company/school: ___________ _ 

Streetaddress: ____________ _ 

CitY, s tale, ZIP code: ___________ _ 

(1) L ________________ ~ 



Goes National 
during the 1977 NCC, June 13-16 

Personal Computing Fair & Exposition 
The fast-growing field of Personal Computing will share the national spotlight in June, 
when the 77NCC will recognize the dynamic growth and promise of the field with the 
Personal Computing Fair & Exposition. In addition to the commercial exhibits of Personal 
Computing manufacturers, dynamic displays and demonstrations of non-commercial indi
vidual and group-owned projects will be featured at the Dallas Convention Center. The 
success of other hobbyists can give you new ideas for your own systems, "how-to" tips 
and dozens of clever solutions to everyone's problems. You might even find a joint-venture 
partner with a kindred spirit. More than 100 non-commercial small computing systems 
are expected, featuring hardware and/or software implementations, games, recreation, 
music, art, amateur radio, scientific, miscellaneous and general applications. Prizes and 
awards will be given in all categories. 

Personal Computing Program 
Two full days of panel sessions on June 15 and 16 will provide an in-depth look at 
Personal Computing: Past, Present and Future; The Future of Retail Computer Stores; 
Hardware of the Computer "Hobby" Market; and Personal Computing Software. Leaders 
in the Personal Computing movement will appear on each of the panels to let you know 
the latest developments in the field, point out trends you'll need to be aware of-and an
swer your questions. 

Special Interest Sessions 
In addition to the panel sessions, special interest groups will be able to gather informally 
for "how-to" programs on building a kit, debugging software, using assembly language, 
I/O interfaces, cassettes and disks, software standards and so on, into the night. If the spe
cial interest group you want is not organized when you get there, we'll do our best to help 
you get one started! 

National Club Congress 
Is a national personal computing association needed? If it is, what does it do, how does it 
do it, and who does it? To find out what's happening-pro and con-club reps from across 
the nation will gather to exchange ideas and discuss issues related to club activities and pro
grams. Make certain your club sends an official delegate who can speak for you and vote 
vis-a-vis a national organization, establishment of national hardware/software standards, 
a national program library and interchange, educational seminars, meetings, ad infinitum. 

1977 NATIONAL COMPUTER CONFERENCE 
Oallas Convention Center • June 13-16 



Continued from page 17 

Photo 5: A view with 
cover lifted of the author's 
K l e i nschmidt Model 
TT-76A (military nomen
clature). This machine is a 
paper tape punch and 
reader only, which 
actually types characters 
on the tape. Like the 
Kleinschmidt in photo 4, 
this unit contains a loop 
power supply. 

ranges from $100 to $1200, typically $400. 

Teletype Model 33 

This li ght duty eight leve l ASCII machine 
(see photo 3) is extremely popular in mini
computer circles, and co uld be called "the 
standard Teletype." It is widely so ld with 
new computer systems. More than 600,000 
Model 33s have been sold. New Teletype 
Corp prices are: 33 RO, $649; 33 KSR, 
$765; 33 AS R, $1090; a used AS R typically 
runs $700. 

Teletype Model 35 

A heavy duty version of the li ght duty 
ASCII Model 33 ASR. New price is $3800. 

Teletype Model 37 

A heavy duty, 150 words per minute 
ASCII machi ne with a full 255 graphic 
character set. Other features in cl ud e soft
ware tab stop set, half line spac ing, forward 
and reve rse, etc. 
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Teletype Model 38 

Another light duty machine, same as 
Model 33 but accepts standard computer 
forms. Has upper and lower case printing 
and two color ribbon capab iliti es . 

Teletype Model 40 

The latest ASCII Teletype Corp machine 
includes a line printer, keyboard, CRT dis
pl ay, etc. The high speed line printer with 
this set is an 80 or 132 column, 300 lines per 
minute, heavy duty unit. Prices in the $1400 
to $ 2000 range. 

Kleinschmidt 

Kleinschmidt machines were manufac
tured during the 1930s, 1940s, and 1950s in 
direct competition with the Teletype Corp, 
and more recently by the Smith Corona 
March ant Corp of Dearborn MI. This lin e of 
devices includes the following: page printer 
and keyboards (TT-l17), paper tape reader 



the microcomputer 
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an introduction to 

reality 

now in canada: 
imsai 

processor 

cromemco 

tdl 

and more 

Th e Computer Place 
186 Queen St. W 
Toronto M5V 1Z1 
416- 598-0262 Focus Scientific 

160 Elgin St_ 
Ottawa K2P 2C4 
613-236-7767 

32 K 
PERSONAL 

MINICOMPUTER · 

SYSTEMS. 

32 K CPU, 
Two CRT's , 
And Two 
Floppy Disk 
Drives With 
262 K Bytes 
Each . 

For Details: 
ABBOTT COMPUTER CO. 
57 Gregory Street 
Marb \ehead , MA 01945 
6 17-63 1-8903 

LOGIC 
DESIGN 
INC 

QUALITY Support for 
those who wish to dig deeply 
into digital design . 

Breadboarding System, text
book on logic design, and 
complete schematics for an 
elegant CPU that will run the 
POP8 instruction set .. $1095 

1321C's ............. $ 87 

TTY Interface ........ $ 20 

Memory ........ . _ . .. $ 26/k 

BOX 3991, UNIV. STATION 
LARAMIE, WY 82071 

(307) 742-7977 

8080 Interactive DEBUG 

NOW AVAILABLE: A real-time pro
gram debugger for all 8080 processors. 
Debug your code in one-tenth the time 
it takes by hand. TIlis is not a simulator 
but a real-time programming aid that 
until now was only available on mini & 
macro computers. And it FITS IN SK! 

FEATURES: 

*Six I/O modes-Mneumonic, single & 
double byte numeric, ascii, or diS
placed mneumonic & numeric. 

*Four user-defined breakpoints , 
*Relocatable to anywhere in memory_ 
*User-controlled number base-binary, 

octal, hex ; any radix from 2 to 36_ 
*Commands for displaying & modify-

• ing all registers-including PSW & SP_ 
*8earch command with masking. 
*Block memory move & fill. 
*On-Line calculator/expression evaI'. 
*Displacement register for examing 

relocatable code. 

DEBUG 8080 To Order: 

(1) Specify: CUTS cassette $30 
or Paper Tape $40 
or Manual Alonet $10 

or Deseriptive brochure $ 1 
(2) Your hardware : Altair, Imsai, Sol, ... 
(3) Send to: Bay Area Timeshare 

P.O.Box 2298 
Berkeley, CA 94702 

t refundable on purchase of program 

Pictured above is the new OP-80A 
High Speed Paper Tape Reader from 
OAE. This unit has no moving parts , 
will read punched tape as fast as you 
can pull it through (0-5.000 c.p .s.), 
and costs only $74.50 KIT, $95.00 
ASSEMBLED & TESTED. It in
cludes a precision optical sensor ar
ray. high speed data buffers , and all 
required handshake logic to interface 
with any uP parallel I/O port. 

To order. send check or money order 
(include $2 .50 shipping/handling) to 
Oliver Audio Engineering. 7330 
Laurel Canyon Blvd .. No . Holly 
wood. CA 91605. or call our 24 hL 
M/ C-B/ A order line: (213) 765 -8080 

THE BETTER 
BUG TRAP 

The Better Bug Trap is an 
Altair/ l MSAI plug-compatible 
board that extends system capa
bilities to facilitate software 
debugging and real-time proces
sing. Capabilities include interval 
timer, real-time clock, watchdog 
timer, processor slowdown, and 
clock with variable rates. Four 
hardware breakpoint addresses 
allow you to stop process ing or 
generate an i nterru pt at a break
point without modifying exist
i ng software. The board services 
its interrupt with a CALL 
instruction to ANY memory 
address you choose. All capabili
ties may be set by software or 
front panel. Write for free 
literature. 
$180 assembled, tested, com
plete documentation, software. 

MICRONICS, INC. 
PO Box 3514 

Greenvill e, N.C. 27834 



(a) 

Photo 6: Two views of the 
Creed 75 unit. In (a)} the 
unit is sHown with the 
cover in place as it might 
be seen in use. In the 
second view (b) the cover 
has been removed, and the 
paper tape supply drawer 
opened for inspection. 

(b) 

and punch sets (TT-179) or a set designated 
the TT-lOO, which includes a page printer, 
keyboard, table and power supply . Th ese 
units are fairl y common although not in as 
pl entiful supply as their Teletype co unter-
pam. As with Teletype Corp, many other 
Kl einschmidt co nfigu at ions were manu
factured for the military under various 
nom enclatures such as TT-65, TT-98, 
TT-271, etc. For exampl e, a Model TT-24 is 
a 100 word per minute KSR machine. Photo 
4 shows a Kl ein schmidt Model 150 KSR, 
which is typical of this line. My personal 
typing paper tape reader and punch set is 
labeled - "TT-76A/GGC" and is shown in 
photo 5. Price range, $20 to $150. 

Lorenz 

A German co mpany which, like Kl ein
schmidt, has manufactured Model 15 KSRs 
and 15 AS Rs. These mach in es are relatively 
rare in the US. 

Mite 

This New Have n CT company has manu
factured small Baudot page printer and 
keyboard machines for use in submarines 
and by the US Marine Corps. This device is 
relatively rare on the surplus market. 

Creed Model 75 Teletypewriter 

ITT Creed is the English counterpart of 
Teletype Corp. This co mpan y manufactured 
several hundred special Creed Model 75 
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teletypewriters for Spiegel in Chicago in the 
ear ly 1960s, wh ich wer-e eventua ll y passed 
on to a company named Wilcox Enterprises 
in Naperville I L. 

The basic unit shown in photo 6 
consists of a page printer, keyboar-d and 
paper tape punch, but no paper tape reader-. 
This machine uses a Baudot code at 10 
characters per second _ Some differences 
from American machines are that the key
board and pr-inter are mechanica ll y link ed, 
ie: no loop supply is needed for loca l, 
typewriter like operation. The printer is r-un 
by activating a 24 VDC solenoid for space 
and another one for mark; thus there is no 
current loop . 

Th e keyboard output consists of five 
para ll el bits and one strobe bit to indicate 
ch arac ter ready, although it can be rewired 
for serial operation. 

- Also available from Wilcox Enterprises 
are interface kits, programs, a nd er-asab le, 
programm i;l ble, read only memori es which 
adapt the machine for use with 8008 and 
8080 systems. 

What Characteristics Should 
I Look For? 

Once you've found a Baudot machine and 
are thinking about whether or not to bu)' it, 
two items are of key importance bes ides 
general mechanical condition; these are 
machine speed and character types. 

Basically these units were supp li ed with 
three different kinds of character sets: com-



Computer mart 

new f}orh 
LONG ISLAND 

Computer leasing available. 

I MSAI, SWTPCo, Digital Group 
Proce ssor Tech, Apple, OSI 

TDL-Z-80, Seals, Cromemco, 

Veras, Tarbell , Oliver 

Magazines , books, chips, 
sockets, connectors, terminal s. 

IT'S ALL HERE WAITING FOR YOU 

FRIENDLY ADVICE TOO 

New York City 
3145thAve. 
(32nd St) 

New York 10001 
212- 279-1048 Long Island 
Tues . - Sat . 2072 Front St 
9:30 - 6:00 Eas t Meadow NY 
Thurs.- 9:00 516- 794-0510 

FREE 
Complete listing of all fea
ture articles appearing in 
Volume I of BYTE
September, 1975 thru De
cember 1976. I ndexed for 
easy reference. Includes all 
errata. 

To get yours, send a $.24 
stamped self addressed en
velope to: 

BYTE Index 
70 Main Street 

Peterborough N H 03458 

NEW IN 

PHOENIX 

Bits & Bytes 

COMPUTER SHOP 
6819-C N. 21 st Ave. 

Phoenix, A z. 85015 

(602) 242-2507 

Featuring : 

EPA Micro-68 System 
Micro Term-Act 1 Keyboard 
Video Monitors 
Books, Maga zines 

INVENTORY 

PROGRAM 

For IMSAI with TTY for Hard 
Copy output--Up to 112 alphabet
ic Files . Single user license 
$259.00 without hardware--$59 .00 
with hardware & 8K minimum mem
ory 

For POL Y88 for instant Video Dis
pi ay of Inventory information. 

FORMS PROGRAM for Invoicing 
and general fI urpose Forms work . 

ACCOUNTING. General Ledger -
for IMSAI with TTY-memory orient
ed. Available April 15 

UniWrite Minicomputer Accoun t
ing -Payroll- Forms Programs with 
or without CA LSI-2 Hardware. 

COMPUTER 
SH 0 P 11111111 603-473-2323 

Ri. 166, Union, N. H. 03887 

AMPLIFIER 

5-100 BUS 

t 

SPEAK "KAAMPYUTAOLKER" 

MODEL CT-1 SYNTHESIZER 
CSR1 SOFTWARE SYSTEM 
DEMONSTRATION CASSETTE 

CALIF RE SlOENTS ADD6u o SALES f A X 

395.00 
35.00 

2.95 

WRITE FOR INFO AMA Tl VE LITERATURE 

COMPUTALKER CONSULTANTS 
P.O . BOX 1951 , DEPT . B, 

SANTA MONICA, CA 90406 
ci rcle reader number 140 

PHILADELPHIA 
COMPUTER MART 

featu res 
IMSAI 

the digital group 
Poly 88 

TDL 
"SEALS" 

National Multiplex 

frU
' Personal 

Computer 
Corporation 

Phone: 
(215) 647-8463 
FRAZER MALL 

Rt. 30 & 352 
Frazer, PA 19355 



KIL aBm 
MAWS 

TODAY. K1l OlYTllS 
TELLING U~p ABOUTYH 
ANOTHER AMNTUR.£ 
OF HIS GRUHiANMD 

A8MRP TIl~ H.M.>. 
£r.wryEYFs. KILT o'rm 
(_HAD IMP nPH'IMJ 
WITH ~-511AAX5/~o~E 
CO~DmD HIMSELf 5lXt\~. 
TIliNG OF AN ItH11ffOLOG~ 

SUPPLIERS OF BAUDOT EQUIPMENT 

Among the companies which advertise tele
printers in the various amateur radio magazines, 
computer journals and other "surplus" advertising 
spots are the following: 

Goodman, 5454 S Shore Dr, Chicago I L 60615, 
(312) 752-1000. 

Teletypewriter Communications Specialists 
(Van's Electronics), 550 Springfield Av, 
Berkely Heights NJ 07922, (201) 464-5310. 

Andy Electronics Co Inc, 6319 Long Dr, 
Houston TX 77087, (713) 641-0576. 

Typetronics, POB 8873, Ft Lauderdale F L 
33310, (305) 583-1340. 

Lawrence R Pfleger, 532 W Wilson St # 1, 
Madison WI 53703, (608) 255-2935. 

Atlantic Surplus Sales, 3730 Nautilus Av, 
Brooklyn NY 11224, (212) 372-0349. 

Henry Holder, (817) 429-3021. 
Don C Dando, Rt 4, POB 454, Liberty MO 

64068. 
BVE Enterprises, POB 73, Paramus NJ 07652. 
Alltronics-Howard Co, POB 19, Boston MA 

02101, (617) 742-0048 
Wilcox Enterprises, 25W178 39th St, Naperville 

I L 60540, (312) 420-8601 

This list was culled from the publications circa 
July 1976. No inventory or prices are listed since 
as one supplier (Goodman) put it in a conversation, 
"I have hundreds of 15s and 19s now, but they 
sometimes move slow, or sometimes fast, and I 
could sell 'em all tomorrow." In each case, where 
available, a phone number is listed so that the 
latest availability can be checked. 

W I HAVE 10 TILL 
YOU AGAIN? IT ALL 
BEGAN WHEN GRAMfA 
JPomD THE 5HA¥J(..· 

~~~====~~~ 
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mercial, weather and stock market. Table 1 
lists the characters which correspond to 
particular 5 bit Baudot inputs. Note that in 
all three cases, the letters, lower case, are the 
same, but the figures, . upper case, are d if
ferent; in fact some of them are downright 
strange! 

Obviously the most desirable character 
set for microprocessor use is the commercial 
or communications group, but don't let a 
stock market or weirdo weather font stop 
you! Replacement commercial keys are 
available for $0.50 to $1 each from most of 
the sources listed. 

There are four printing speeds associated 
with these old machines, those being 60,66, 
75 and 100 words per minute. Table 2 
summarizes the data rates, bit pulse widths, 
character speeds, etc, for each of the four 
speeds. More about how to increase machine 
speeds later.-

Next Month: Baudot tele
printer information con: 
tinues with a discussion of 
interfacing techniques and 
problems, 

STAND BACK, SIR! 
\'Ll ~\f£ 'tOU! 

Y:5EE, CHIP. M~. 
FLO~K GOT AWAY 
~y PRrHNDING 
HE WAS A PENTISf 

01<.,01< ... -



PAPER TAPE 
EQUIPMENT 

• G.E. TERMINET 300 
.8 LEVEL PAPER TAPE 
.120 CPS OPTICAL READER 
.35 CPS TAPE PUNCH 
• MANUALS INCLUDED 
• MOUNTED IN DESK WITH 

DRIVE ELECTRONICS & 
POWER SUPPLY 

• S-100 INTERFACE INFOR
MATION SUPPLIED 

• ALL UNITS ELECTRICAL
L Y COMPLETE & SERVICE
ABLE. 

.SOMEHARDWAREMAYBE 
MISSING OR DAMAGED 
(FEET, COVERS, DRAWER 
SLIDES, ETC.) 

• SHIPPING WT. 250 LB. 

$250.00 F.O.B., Ft. Worth 
+$15.00 CRATING CHARGE 

Tex. Res. Add 5% Tax 

• For [DETAILED] INFOR-
MATION WRITE : 

PAN DELTA 
P.O. Box 14069 
Ft. Worth, TX 76117 

AS LOW AS $8.95 

CONVERT ANY TV 
TO A HIGH QUALITY MONITOR 

TRVM-1 Hi-Resolution $19.95 
Transformer isolated sets Q!l!y, 

HCVM-1 Hi -Resolution $23.95 
For EITHER transformer isolated 
sets 0 R "H OT" chassis type sets_ 

RFVM-1 R F Modulator $8.95 
Ch. 2 thru 5. Any TV source. 

SHIPPING & HANDLING, ADD $1. 

VAMP INC. 
P.O. Box 29315 
Los Angeles, Calif. 90027 
DEALER INQUIRY WELCOME 

ELECTRONICS SALE 
" Edwards horns 1.5v - 9v 1.99 
" AA battery holder holds 3 .84 
" 2N6563 PNP high gain .30 
* 2N5525 NPN gen. pur. .24 
" 2N5225 NPN .24 
" 2N5061 SCR .8 amps .98 
" 2N404 PNP .39 
" Siliconix E270 P-chan FET .89 
" MPF 102 N-chan F ET .89 
* HP 5082 red leds ,35 
* CLT2140 photo transistors 1.15 
* I N5225 3.3v zeners .24 
" I N4001 diodes .07 
" 1 mfd Elect. 50v cap. .10 
* 5 mfd Elect. 16v cap. .14 
" 50 mfd Elect. 1 Ov cap. .16 
" 22 mfd tantalum cap. .24 
* DPDT n/c momentary sw. 1049 
• Prism 1/4 x 1/4 x 90 deg. glass .50 
• Screws 1/4 #4 pan head .98/c 
.• Trimmer Res. 500k ceramic 1.25 
• Trimmer Res. 200 ohm 040 
• Resistors 1/4 watt (state va l.) .03 

LIBAU , Inc. 7 Lakeside Dr. 
Andover, Connecticut 06232 

LI LLiPUTE'S 
COMPUTER MART, INC. 

NEWEST CH I CAGOLAND 
AND MIDWEST DEALER OF 
IMSAI , SWTPC, APPLE, VEC
TOR 1, TDL, Z-80, TARBELL, 
SANYO CRTS, KEYBOARDS: 
WE GOT 'EM . 
FULL LINE OF IC, Manuals & 
Books with HARDWARE & 
SOFTWARE BACK UP & SER
VICE . 

ASK US ABOUT THE NEWEST 
MICROCOMPUTER THE GUL
LIVER 1 at OUR STORE, NOW! 

LI LLiPUTE'S 
4446 OAKTON ST 
SKOKI ElL 60076 

Phone (31~ -674-1383 
iG A sk for ED CURTIS Mgr_ 

U. S. ROBOTICS 
Makers of fine robots since 1982. 
announce the next best thing in 1977 

the 

AUTO - ANSWER 
MODEM 

• originate/answer switch means your micro can 
answer calls from other computers or 
terminals. 
Build your own timesharing service. 

(make your hobby pay) 
Start a software exchange. 
Enjoy a new dimension in games , 
man/ machine teams in battle! 

• fully assembled and tested. 
• 103 type, runs 0·600 baud. 
• interface with RS232 , 20ma and TTl. 
• digital modem, crystal controlled . 
• 90·day full warranty , 
• optional S25/ yr maintenance contract. 
• 10·day modem-back-money -back guarantee. 

Send $1 05 (shipping, handling and 
Illinois sales tax included) to 

U. S. ROBOTICS, INC. ' 
Box 5502 
Chicago, IL 60680 

. Phone , 312-528-9045 



Continued from page III address bus and uses 2 input and 4 output 
leads for control. Time multiplexing of the 
TTL compatible data bus a ll ows control 
information, 14 bit addresses, and data to be 
transmitted between external memory and 
the CPU. 

By use of the "Interrupt" control line, 
norm al program flow can be interrupted to 
allow servicing of slow 10 peripheral devices, 
while also executing the main program. The 
"Ready" command line can be used to · 
synchron ize the 8008 to the memory cycle 
time, allowing any type or any speed mem
ory to be used. The "State" and "SYNC" 
outPl!lts will indicate the state of the proc
essor at any time during the instruction 
cycle. 

The CPU contains six "8 bit data registers, 
an 8 bit accumulator, two 8 bit temporary 
registers, four flag bits, and an 8 bit parallel 
binary arithmetic logic unit (ALU). A mem
ory stack containing a 14 bit program 

counter (PC) and seven 14 bit words is used 
to store program and su brou ti ne addresses. 
This allows up to seven levels of subroutines 
to be nested wh ile the 14 bit addresses 
permit direc t addressing of up to 16 K, 8 bit 
bytes of memory. This addressing capacity 
can be indefinitely expanded through mem
ory bank switching using 10 instructions. 

The instruction set consists of 48 data 
oriented instruct ions as shown in table 1. 
Most instructions are single byte instructions 
while immediate data instructions require 
two bytes and jump instructions utilize three 
bytes. With a 500 kHz clock, non memory 
referencing instructions are executed in 20 
microseconds. 

Being a first generation microprocessor, 
the 8008 is slow and has limited capabilities 
and features. The availability and low price, 
on the other hand, make the 8008 a good 
starting point for some home built computer 
systems. -

Information and diagrams courtesy of 
Intel Corporation, from their MCS-8™ 
User 's Manual. 
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PROM: Space for 2K bytes, 1702A. Store 
bootstrap loaders and monitors . 
RAM: 1 K bytes , 2102LIPC, 450 ns, low 
power . NO NEED TO RELOCATE STACK 
WHEN ADDING MEMORY. 

CIRCUITRY: Replaces memory write logic 
on AL TAIRTM and Imsai front panels . 

REGULATORS: Two regulators . No need for 
regulated power supply . 
JUMP-ON-RESET: PROM program execu
tion starts at any location in memory without 
interfering with programs in any other por
tion of memory . 
S-100 BUS; +8 and -16 VDC; PIC BOARD 
SOLDER MASKED BOTH SIDES WITH 
PLATED THROUGH HOLES; ALL SOCKETS 
INCLUDED. 
OPTIONAL FIRMWARE: 512 byte monitor 
for use with Tarbell tape interface on 2 , 
1702A PROMs . 
PROM/RAM KIT WITHOUT PROMS $ 89 
+ OPTION A - SIO Rev . 1 or 3 P + S $129 
+ OPTION B-2 SIO (MITS) $129 
+ OPTION C - SIO 2 (IMSAI) $129 
+ OPTION D - Poly Video Interface $159 

. (Includes Video Driver) 

California residents please add 6% tax. 

IMMEDIATE DELIVERY FROM FACTORY 
OR YOUR LOCAL COMPUTER STORE ' 

T .M. 

~LO~ C:~A?l-iC inC. 



Programming Puzzle: 

An 8080 Bug in the Stack 

Bruce A Dolan 

2331 Cathedra l Av NW 

Washingt on DC 20008 

Instead of coding a subroutine call fol
lowed immediately by a subroutine return, 

CA LL 
RET 

one cou ld write 

JMP 

SUBRX 

SUBRX 

to save one byte of program storage space 
and avoid unnecessary stack manipu lations. 
But th is practice has a price to be pa id in 
frustrations; read on. 

With these two subrout ines avai lable, 
the most probab le use is to protect inter
mediate results whi le a subroutine is invoked 
(for 10, for example). These might be used 
inside another subroutine, as fol lows, tak in g 
advantage of the JMP tr ick mentio ned above: 

SUBRX: CALL SVREG ;SA VE ALL 

jMP GTREG ;RESTORE ALL A ND RETURN 

This doesn't work. Why noe-

( Answer in next month's B YTEj 

Here are two subroutines that wi ll first 
save, and then restore all of the worki ng 
processor reg isters and flags for the 8080. 
They are useful as housekeeping functions 
on entry and return from subroutines, to 
preserve register contents : 

,. ---- --------- .. 

SVREG: SHLD TEMP ;HOLD H ,L FOR NOW 
XTHL ;PUS H H ,L. GET RET ADDR 
PUSH PSW 
PUSH B 
PUSH D 
PUSH H ;PUSH THE RETURN ADDR 
LHLD TEMP ;RESTORE H ,L 
RET 

GT REG : POP H ;GET RETU RN ADDR 
POP D 
POP B 
POP PSW 
XTH L ;RECOVER H,L . PUSH RET ADDR 
RET 

The first of these (SVREG) pushes all 
registers and flags onto the stac k, and the 
second puts them all back . It is assumed that 
between "CA LL SVREG" and "CA LL 
GTREG" the stack has no net changes, so 
that the value of the stack poi nter and the 
contents of the stack are the same for 
"CA LL GTREG" as when "SVREG" 
finished. (The doub le register TEM P is 
located anywhere in programmab le memory, 
and has no use outside of SVREG .) 
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, 
ADM-3A 

t 

I I 

I I 

I IN KIT $82500 I 
FORM I 

I I 
I • All equipment I EO.B. Dallas, Texas 

I • Terms - check or I money order with 

I 
order 

I • Delivery in 30 days 

I • Customer should I contact Lear'Siegler 
f or maintenance 

I • Warranted f or I 90 days 

I • Service contract I available 

I I 
I • 8Q CHARACTE RS/LI NE • 75'19,200 BAUD I • 24 lINES/SCREEN • FULL & HALF DUPLEX 

• ADDRESSABLE CURSUR • ODD/ EVEN/NO PARITY 
I I . 9, 10, OR 11 BIT WORDS • RS232 INTERFACE OR 

20 ma CURRENT LOOP 

I GET COMPLETE DETAILS WITH A DIRECT CALL: I 
I ,YA c~pft;I'";;;';~;';~~; I 

I I 
I equipm ent brokers I , 930 N. BELTLINE • IRVING, TEXAS 75061 • ~-------------, 1842 



P APERBYTES™ 
Forum 

A READER'S RESULTS OF 
MAKING SOME TESTS .. . 

read wi th intere st th e three artic les 
on bar co de softwa re in th e December 
1976 issue of BYTE. While awaiting 
arr ival o f my Digital Group sys tem, I 
decided to tinker wi th a simple way of 
reading th e samp le codes prese nted by 
Banks in hi s ar t icle /page 72/ . 

First, I tri ed the examp les suggested 
by Merkowit z (page 77/. A suitabl y 
small lens prove d ve ry diff icult to secure 
- howeve r, one was found. Th e foca l 
length was somew hat long and alignmen t 
was quite critical. Ex amples 2a and 2b 
on page 78 were both co nstr ucte d. Both 
visib le ligh t and in fra red detectors we re 
used. Also, LED and in candescent 
sources were tr ied. Th e in candescent 
so urce with the infrared photod arlington 
detector proved to be the most sensiti ve. 
Th e persistent di ff iculty with the me cha
ni cs of th e lens sys tem led to fu rth er 
tinkering. The split Fiber optics of 
fi gure 1, page 77, was tried but con 
struction of a homem ade split fiber optic 
guide was ted ious and lack ing in ade
qu ate se nsiti vity upon co mpl etion. 

Nex t a pinhol e lens was tr ied but 
agai n ad justment proved difficul t. 
However, this did lead to th e f in al probe 
that see ms to provid e a sui tabl e alter
native for th e homebrewer to the co m
merc ial probe. Instead of a lens, a linear 
aperture was used. The sli t was just t he 
width of th e 0 bar in f igure 4e on 
page 17. 

Two se micircles of sh im brass were 
so ldered to the end of thin wa l i 1 em 
in side diameter brass tubi ng to pro vid e 
the slit aperture. After bl ackening the 
in side of the tubing with carbo n black , 
an in f rared detecto r and incandescent 
lamp were mounted in side a 1.5 cm 
length of the tubing r ight ove r the sli t. A 
sl igh tl y sma ll er diam ete r 12 cm length of 
tubing was then press fitted ove r the 
detector, lamp and sli t assemb ly w i th the 
wi re s running up out of the en d of the 
tubing handle. 

Tests were run on the samp les pro
vid ed in f igure 4 of Banks' arti cle wh ich 
pro ved to be prom ising. Th e response of 
the detecto r was monitored on an osci l
loscope wh il e making repeated passes 
over eac h sa mpl e. Samples 4c and 4e 
were read with ease , giving app ro x i
mate ly 0.4 V pea k to pea k defiecti on. 
No ise as observed on the sco pe was 
minima l both during bar code scahning 
and passes over sec tion s of white page . 
Handling of the ho memade pro be was 
not difficu l t, one onl y having [0 make 
sure the slit was para ll el to the cod e 
elements and th at the probe remain ed 

perpendi cul ar to th e page. Samp le 4a 
appea red to be scanned rel iably but 
respon se was greatly red uced on th e 
osc ill oscope. Samp les 4b and 4d did not 
reproduce we ll, hav in g pract ica ll y all 
blac k print in areas of high I density . 

One probl em enco untered after a 
great many passes of th e va rious probes 
was th at th e paper bega n to wea r and the 
co des beca me sc ratched. Even so, the 
slight ly fl attened sin e waves ge nera ted 
by the probe remained in tact. Optimum 
di spl ay was achieved with a sca nning 
spee d o f 5 to 15 cm per seco nd. 

I am in agree ment w i th Mr Banks 
th at a need fo r bette r and chea per 
software di sse minat ion ex ists. I support 
adop tio n 01' the bar graph enco ding 
method and urge acceptance 01' sa mpl e 
4e on page 17 as a standa rd. Certa inl y 
th is simple in ves tigat ion demon strates 
th at a me ans 01' reading such a code need 
not be an obstacle to th e home com 
puter ho bb y ist. 

Ri ck Bourge o is MD WA5EVH 
POB 2746 

L afayette LA 70502 

BACKLIGHTED SCANNING ? 

I have read yo ur arti cles on bar coded 
in forma t ion transfer w ith interest. M igh t 
the co nstru ct ion of the document 
reading de vice be Simplifi ed i f the docu
ment we re back lighted by a li ght tab le o r 
such? (Thi s wo uld require that no 
pri nting ex ist on the document's reverse 
side.) Th e " lens" co uld simply be a pin 
hole, as th e li ght so urcing prob lem 
would h ave bee n eli min ate d. Th e criti ca l 
angle of the rea ding device (due to 
refl ec t ions off of the ink and paper) 
woul d also be gone. 

Jonat han L Bondy 
Ketron Inc 

Vall ey Forge Executive Mall 
530 E Swedesfo l'd Rd 

Way ne PA 19087 

The suggestion to bacl?light the paper 
has been made by several readers. For 
magazine published and printed pro
grams, the main disadvantage is lack of 
use of th e back side of the paper. 

Use o f a source and sensor array such 
as the Texas Instrumen ts TI L-7 39 part 
with an ex ternal im aging slit looks like a 
very promising and inexpensive scanner 
for the fro nt side of the paper. Th is 
device, described on pages 767 and 768 
of the TI Optoelectronics Data Book for 
Des ign Engin eers [ ava il abl e f rom BITS 
Inc], has a source LED and receiver 
ph o to transistor mounted in a plastic 
housing with an adjustm ent slot fo r 
positioning relative to the image being 
scanned. 

BYTE ON TO TH E (NON) 
Bitter END 

Rega rd in g the "Machine Reada bl e 
Pub li shing Standard" in Nove mber 1976 
BYT E: Yea tea m, go go go. IF you ca n 
make th is work yo u wil l have adva nced 
perso nal co mputing at leas t 2 or 3 li gh t 
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decades. Th e idea of being ab le to 
pub li sh mach ine readab le softwa re on 
the prin ted page is, in m y (and a few of 
my fr iend s') opi ni on, th e bi ggest thin g to 
hi t th e hobb y co mputer sce ne sin ce th e 
A l tair 8800 and BYTE magazi ne. 

OF the fo rm ats presented, I per
so nall y prefe r for mat 2 and thi nk a 
f rame form at is mand a to ry. the eq ual 
spacin g of the data bi ts to ass ist manu al 
rea ding 01' t he data should be co nsidered 
whe n your f in al fo rm at se lect ion is 
made. A frame fo rmat is req uired to 
keep the data in manageabl e chun ks and 
to faci litate error detection. Som e con
cerns and suggest ion s I have are as 
fo ll ows: 

1. Be sure to give co mpl ete pl ans (or 
maybe manu Fac ture a kit) for the 
read in g wa nd with eas il y ob tain
ab le pa r ts . A sin gle +5 V suppl y 
requ irement wo ul d be ni ce, too. 

2. Poss ibly in clu de visual guide 
marks on the edges of the pages 
or betwee n Fra me lines to demark 
data bytes as an aid to manu al 
reading. 

You' ve go t the BYTE on a great idea, 
don't let go. BYTE on to th e (non) 
BiTter and glorious end . 

J Scott Willi ams 
POB 932 

Bellingham WA 98225 

NOT ALL REACTIONS ARE 
FAVORABLE , WITNESS THIS : 

As one who is dee pl y in vo lved in 
home computin g and w ho has bee n 
read ing BYTE sin ce issue # 1, I am 
moved to vo ice m y com plaints about the 
garbage y ou 've bee n including in seve ral 
recent issues. Garbage that se rves on l y to 
waste va lu able space l 

Wh at 's thi s ( expletive deleted J about 
" Mac hine Read able Printed Softwa re?" 
Is this supposed to be humor? I hope so. 
My M6800 computer is ve ry bri ght , but 
it has neve r spen t one ce nt for BYTE or 
any thin g else . Peop le bu y things and 
peop le read BYTE, but get too heav il y 
into "m ach ine readab le printed soft
ware" and you will have to depend on 
machin es to purchase BYTE - people 
wo n' t ! T he "BYTE standard" for m ag
neti c tape data recording was widely 
accepted because we needed such a 
standard . Not one of the computer 
hobby ists I know feels any need whatso
eve r for a stand ard on mach in e readabl e 
pri n ted software. Perh aps i t is an idea 
whose t im e has no t yet (and may neve r) 
come. Try printing so ftware in th e form 
of so urce li st in gs ; they are peop le re ad 
abl e - and peo pl e are the ones who 
spend money. I f y ou w ish to se ll 
machine readable soft)vare, may I sug
ges t that y ou use "BYTE standard" 
cassettes and /o r pape r tape. 

Happy Computing! 

(unintelligible signature / 
Chattanooga TN 

To each his (or her?) own opinion.-
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WIREWRAP SOCK ETS · GO L D 

14 Pin WW 1 level .30 
14 Pin WW 2 level .33 
14 Pin WW 3 leve l .37 
16 Pin WW 1 level .31 
16 Pin WW 2 level .34 
16 Pin WW 3 level .38 
18 Pin WW 31eve l .60 
24 Pin WW 1 level .70 
24 Pin WW 2 level .75 
24 Pin WW 3 level .85 
40 Pin WW 3 leve l 1.25 

EDG E CAR D CONN ECTORS 
IMSA 1 S100 WW .250" Row Spacing 
IMSA 1 S100 ST .250" Row Spacing 
Altair S100 WW Wire Wrap 
Altai r S100 ST Soldertai l 

O·SUBMIN CONNE CTORS 

S5.00 
5.00 
5.50 
5.25 

AS·23225 Pin Male Part No . DB25P S3.50 
RS ·23225 Pi n Female Part No. DB25S . 3.95 
RS·232 Plastic Hood fo r above .75 

CRYS T A LS Microprocessors T irnebases 
TV Garnes PreciSion C,vnah 

Freque ncy 

1,000 MH z 
2.000 MHz 
2.097162MH z 
4.000 MHz 
5.000 MHz 
6.000 MHz 
10.000 MHl 

Cilse Pri el! Frequencv Case Price 

HC6/HC33 
HC6/HC33 
HCG 
HC1S 
HC1S 
HC18 
HC 1S 

4.95 13.000 MHz 
5.85 14.3 1818 MHz 
6.95 18.000 MHl 
4.95 20.000 MHz 
4.95 32.000 MHl 
4.95 100K c 
4 .95 3579.45 Kc 

2,4576M H7 

• Exar 

HC18 4.95 
HC1S 4.95 
HC 1S 4.95 
HC1 8 4 .95 
HC 18 4.95 
HC 13 12.95 
HC1S 4.95 

5.95 
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2708 PRIME ONL Y $49.95 
Bu ild You< Ow n MON ITOR 

Now in Stock - NEW 

M3000 - 100 12- inch display modul e 
M2000 · 155 9-inch d isplay module 
• Add 510.00 Shipping 

5229.00 
S208. 00 

MOTOROLA Exorc iser. ME K6800DI 
and MEK6800D 2 Compatible Modu les 

9601 16 Slo t mother board - I nco Conn . 
9602 16 Slot ca rd cage 19" rack mou nt 
961 0 Ut il ity Prototyp ing Board 

5175.00 
S 72.00 
S 36.00 
5350.00 
S375. 00 
S350.00 
5390.00 

961 5 4K Eprom Modul e (1702A ) 
9620 Par.llel liO Module 
9626 BK Sta tic Ram Module 
9650 B Channel Duplex A nsy n 110 

All assembled and tes ted . No t K its 
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COMPUTER 
WAREHOUSE 
STORE __ .-.... 

DEPT: B.584 COMMONWEALTH AVENUE. BOSTON, MA.02215e617-261-2701eVI51T US : 9-9 WEEKDAYS; 9-6 SATURDAYS 

ONE DAY SHIPMENT 
PERIPHERALS FOR 

MICROSYSTEMS 
LLanASR 33 is and MORE! 

RS232 INTERFACE, QUIET OPERATION , 
10 CPS PRINTER, BUILT-IN PAPER 
TAPE READER/PUNCH , ELECTRIC TYPE
WRITER KEYBOARD WITH ADDITIONAL 
10 KEY NUMERIC PAD, YOUR CHOICE OF 

950 
FRICTION OR SPROCKET FEED, LIGHTED 
PLATEN AREA FOR EASY REApING, 

. 6 STANDARD PAPER AND TAPE , SUPPORTED 
SHIPPINGl 51b By OLIVETTI . 

TALLY T132 
7 x 8 DOT MATRIX IMPACT 
PRINTER HAS A SINGLE 
LINE DYNAMIC MEMORY AND 
A U~IVERSAL INTERFACE TO $450 
ACCEPT PARALLEL DATA, FORMS + SHIPPING 150 lb 
TO 14-7/8 IN. WIDE , SIMPLE PRINTING MECHANISM 
USES 132 SOLENOID HAMMERS AND TWO STEPPER MOTORS 
FOR 100 LPM, 132 COLUMNS , 64 CHARACTERS 

DIGITRONICS 0507 ••••• $95 ;Hi~~I~~ 
PAPER TAPE READER, HEAVY DUTY PS, 3 MUFFIN FANS , 
POWER CONTROL PANEL, CIRCUIT BOARDS, RELAYS IN CABINET 

KDI ADTROL AR-21 ••• $95 S~I~~~NG 
ELECTRO OPTICAL PAPER TAPE READER WITH 110V PS , STEP
PER MOTOR, 250 CHAR/SEC, FAN IN TABLE TOP HOUSING 

IBM 731 I/O WRITER $750s~I~~iNG 
8!"PLATE.N, PI NFD , EBCD I c, U/L CASE, DUAL CLR RIBBON, 115B . 

K I T S * 
HIGHLIGHTS FROM OUR * 
WIDE SELECTION 

IMSAI 8080 MICROKITS 

SOSOA KIT 5 SLOT ...... $599 
S080A KIT 22 SLOT ..... 65 1 
4KMEMORYK IT ...... 139 
PIC-S FRIOR I TY I NTERP.PT 125 
SERIAL lie KI T ..... . .. . 125 
PROM 4- 512 ;(11 .. . .. .... 165 
UCRI-I IUT .. . .. .... .... 59 
CABLE A KIT ............ 18 
STANDARD INPUT/OUT I NTER 
FACES. Mt.NUALS, SOCKET SETS 

SWTPC 6800 
- 512 BYTES of ROh 
e RS232 or 20 rnA 
- SERIAL I NTERFACE 

· 4K of RAM $395 
4KMEI1$ 100 
MPA .... 145 
MPC.... 40 MPB . .. $ 40 
MPE ..• 14.95 MPD. . 35 
MPM.... 65 MPF.. .. .. 30 
MPP ... 35 MPHx . , .. .. 35 
MPS.. .. 35 MP l ...... 35 
MPMb •. 14.50 MPAb .. . .. 14 . 50 
MPCb,MPSb,MP Lb,EACH ... 9.SO' 
CONNECTOR SETS HPU/MEM 2. 5u 
CONNECTOR SETS I NTERF. 2 
4 KBA .... 5 G T6 I .. .. 99 
AC30 AUD I O I NTERFACE .. 79.50 
PP40 PRINTE".. 250 
CT 1024 TERM I NAL KIT .. 275 
CTP 15.50 CTS ..... . 39.95 

ALL S\~lPC U:J ITS ARE KIT S 

VI KING 100 P I N CONNECTOR 
HEAVY DUTY $ 3 

_1211 CRT 
. 24 LN X So CH AR 

: ~~2~! LOOP $875 
ICOM MICROFLOPPIES 

~~~~ ~~~PA T ~~~L~OR $1095 
S I NGLE DR I VE FD2402. ..$ 649 
ICOH FLOPP I ES: 

FF36- 1 FRUGA L .. . ....... $1 195 
FF36 - 2 DUA L FR UGA L .. . . 1895 
360 - 5S BLT ; I NTF C A080 .. 300 
S I71 POIIER SU·PP L Y ... 250 
F0360-2-5 0 UA L SYS T EM. 3000 

KI'M:1 6502... .. $ 245 
" IM -24K .... ........ " ... 1 79 
K I M-) SK . 2S9 
MA NUALS PACKAGE.... 1 5 

TARBE LL A UD I O CASS ETTE K IT 120 

INTERSIL INTERCEPr'JR·. $2 81 
12K RAM. 1 45 
ROM/PROM BOARD ....... .. 74.65 

YOU ADD MEMORY CH I PS 
SER I AL I /O .... " ....... S1.50 
AUDIO VIS UA L BOARD. . 125 

SCAMP KI1 . . ......... ... . $99 
FROM NATION A L SEMI COND UCTOR 

KEYBOARD K I T . ' 95 

SMOKE S I GNAL BROADCAS TI NG , 
16KR AM ........ 595 

SPECIAL DISCOUNTS! 
ON KITS & ASSEMBLED UNITS 

SAVE UP TO 20% OFF KIT PRICE WHEN A PERIPHERAL IS 
PURCHASED AT THE SAME TIME. 
PERI PHERAL PRI CE OVER $900 _ 
PERIPHERAL PRICE OVER $250_ 
PERIPHERAL PRICE OVER $95_ 

20% OFF 

10% OFF 

5% OFF 

GREEN PHOSPHOR $150 
+25 

VIDEO MONITOR SHIPPING 
STANDARD 1V P TO P COMPOSITE V1DEO INPUT 
16 MHz BAND WIDTH, RASTER SCAN 12x12x13" 

KIT 

KIT 

KIT 

WITH POWER SUPPLY, VIDEO AMPLIFIER , DRIVING CI 
VENTILATION MUFFIN FANS, 7x9" HORIZONTAL VIEWING , 
CAPABLE OF 24 LINES x 80 CHAR . , ANTIGLARE -k" ETCHED 
GRADltNT DENSITY FACE PLATE, P39 GREEN PHOSPHOR , ON/ 
OFF BRIGHTNESS CONTROLS, 115Vae , 60 W . . . TRULY A 
COMMERCIAL UNIT BUILT TO WORK IN A DEMANDIN VIRONMENT . 

DATAPOINT 3300- 200 

TH ERMAL PRINTER 
PARALLEL PRINTER WITH ADDITIONAL (I·RCUIT S 
BOARDS TO PROVIDE SERIAL INTERFACE , PRINTS 
UP' TO 30 CPS, 100Vae PS USES W I DEL Y AVA'I LAaLt S PP I NG 
NCR PAPER , 96 CH, ASCII, 80 COL , CRT COMPATIBLE 5x7 . 
DOT MATRI X, SOLID STATE WITH LESS THAN 25 MOVING PARTS . 

DATAPOINT CONSOLE PRI 
BOTH UNIVAC AND SINGER BUILT THESE 
PRINTER MECHANISMS WHICH OPERATE AT 
30 CPS FROM A ROTATING WHEEL. 65 CHAR. 
USES STANDARD FORM FEED PAPER . PINWHEEL 
IS . INTERCHANGEABLE·$395 + SHIPPING 28 lb . 
UNIVAC 0769-06 PRINTE~ MECHANISM ONLY . .. $195 
INCLUDES MOTOR/PRINT WHEEL +SHIPPING 751b . 

KLEINSCHMIDT 311 ••••• $250 ~Hi~p:~G 
THIS 30 CH/SEC DRUM PRINTER SITS IN A SOUND-PROOF 
ENCLOSURE . 64 CHAR , PARALLEL INPUT, 80 CHAR/LN 

TECHTRAN 4100 •••••••• $595;H~~p:~G 
TAPE CASSETTE DRIVE . CAN RUN DIRECTLY FROM TERMINAL 
INDEPENDENT OF CPU. FULL EDIT CAPABILITY. 

TO ORDER EQUIPMENT 

1. ENCLOSE CHEC K FOR FULL PRICE PLUS SHIPPING CHARGES 
(KITS - ADD $5 IF UNDER $100; $10 IF OVER) 
BANKAMERICARD & MASTERCHARGE ACCEPTED 
SEND CARD NUMBER , EXPIRATION DATE, INTERBANK # 

2.CLEARLY IDENTIFY SHIPPING ADDRESS 
3.DESCRIBE ITEM BY MODEL NUMBER 

ALL MERCHANDISE WARRANTEED 

WRITE FOR OUR CATALOGUE 

INCLUDES DESCRIPTIONS OF OUR COMPLETE LINE OF $1 
KITS & UNITS, REVIEWS . OF OVER 150 BOOKS , LIST 
OF NEW & SURPLUS PARTS AND ARTICLES -
"ALL ABOUT PERSONAL COMPUT~RS" 



THESC/MP AT 95.00 
SC/MP, the Microprocessor kit from National 
Semiconductor includes everything you need to _ ----',==;~.iIIJ:1~~ 
bu ild a completely functional microprocessor 
system - featuring the National SC/MP micro· 
processo r - the low cost microprocessor for 
every application : Text Systems and Inst rument 
Control ; Mach ine Too l Control ; Small Business 
Machines; Word Processing Syst ems; Educational 
Systems; Multiprocessor Systems; Praces Con
trollers; T ermina l Control; Labo ratory Inst ru
mentation; Sophisticated Games; Automotive 
Controller and Appliance Controll ers. 

The kit. neatly packaged with al l the com
ponents and l iterature you need, in a loose leaf 
binder. includes : The SC/MP Microprocessor 
- a sing le-chip Central Processing Unit in a 40-
pin, dua l in-line package . Features static operations, fo rty-six instruc 
tion types ; single-byte and double -byte, software contro ll ed interrupt 
stru ctu re, built in serial input/output ports ; bidirecti o nal 8·bit TRI · 
STATER bus. parra li e l data/port and latched 12-bi t TR I-STATE R 
address port. ROM - 512 bytes (S -bits/byte) of pre -programmed Read
Only-Memory containing K ITBUG-a monitor and debugging program 
to assist in the deve lopment of your application programs, K ITBUG 
provedes teletypewri t e input/output routines and all ows examination, 
modification , and contro ll ed execution of your programs. RAM -256 
bytes of static read /write memory for storage of your appli catio n' 
programs. T ransfers of data to and Irom RAM are controlled by SC/MP 
and K ITBUG. Teletypewriter Interf ac t inCluding buffer and drive 
capability fo r a 20 MA current loop interface. Voltage Regulator . 
Data Buffer - providing interface between memory and bidirect ional 
data lines. All the lit erature you need , including schematics and pro · 
gramming manuals. Timing Crystal-providing 1.000 MH z timing 
signal. Plu s all the passive components and ci rcuit board with 72 pin 
edge connector required to build and intercon nec t your microproceSSor 

With ex rnal hardware . 

ASC II KEYBOARD 

(Reg. S58.85) $53.00 
This 63 key ASe II Encoded Keyboard kit was designed and manufactured 

by Electronics Warehouse Inc. Features: single 5 volt D.C. supply. utilizing 
only TTL logic elements (no MOS devices to .blow). TTL drive capability (each 
of the eight bits of ASC II output will drive the equivalent of ten standard TTL 
inputs without external buffer drivers), de-bouncing, upper and lower case 
fully ASC II , 8 bit parallel output. In addition to the alpha-numeric and symbol 
keys available on a regular keyboard , the following keys are utilized: escape, 
back-space, tab, line-feed, delete, control, shift-lock. shift-(2 keys). here-is, 
control-release. 
Kit includes: 63 key keyboard , P.C. board. all required components and as
sembly manual with ASC II code list. 
Optional: 1. Parity bit - add $1.00 Aluminum enclosure $39.-

2. Serial output - add $2.00 
Note: If you already have this teletype keyboard you can have the kit without 
it for $36.00 (reg. $39.85). Dealer inquires invited. 

National 's new Keyboard Kit now gives 
SC/MP Kit users a low-cost input/output 
capability. This new kit replaces the Tele
type " normally required by the SC/MP Kit 
and allows users to evaluate the SC/MP 
CPU and to develop a variety of application 
software. 

There is a hole pattern for additional inte
grated circuits on the SC/MP Kit PC card. 
By following the simple instructions in the 
SC/MP Keyboard Kit users manual, one 
can add buffers, decoders, drivers, multi
plexers, etc. Simply replace the Kit Bug 
ROM (supplied in the SC/MP Kit) with the 
new SCMPKB ROM, connect the pre
assembled Keyboard cable connector to 
the kit card, and you are ready to go! 

The heart of SC/MP Keyboard Kit is a ROM 
firmware package (512 bytes) called 

, SCMPKB_ The SCMPKB ROM replaces the 

"Kit Bug " ROM originally supplied with the National's Keyboard Kit comes complete 
with manual, all required integrated circuits, 
resistors, keyboard display cable con
nector assembly, wire wrap connectors, 
precut wires-even a hand-held wire wrap 

tool. 

This is a great kit for engineers and com
panies who don't have access to a Teletype. 
It is a low-cost teach ing , learning , and 
developing tool for hobbyisls, professors, 
students, and electronics entrepreneurs of 
all levels. 

SWITCHES 

10 Position rotary switch 
by oak manuf. $1 .00 per 4 

SC/MP Kit and allows the effective use of 
the hexadecimal keyboard, to execute 
programs, to examine or modify the con
tents of memory and the SC/MP registers , 
and to monitor program performance . 

MINIMUM ORDER $5.00 

Shipping & Handling: 

KEYBOARD or SC/MP - $3.00 + $.50 Insurance 

all others - $1.00 

8 position , 1 off switch in T05 can California residents add 6% sales tax. 

$.69 2 for $1.00 

ROCKER SWITCH 

SPST normally open contact rating 6A 250VAC 

solder $.50 ea $2.00 per 6 

MINIATURE TOGGLE SWITCH 
SPST P.C. MOUNT $.99 

ELECTRONICS WAREHOUSE Inc. 
1603 AVIATION BLVD. 

REDONDO BEACH, CA. 90278 

TEL. (213) 376-8005 

WRITE FOR FREE CATALOG 
You are invited to visit our store at the above address 



r-----------------------., 
I World's Lowest I 

I I 
I I Ie Prices I I 
I I 

I * SPECIAL PRICES * I 
74152 .90 HIGH SPEED 4007 .16 I I MEMORIES 

4008 .10 
Rams 74155 .60 74HOO .20 

.16* 74157 .60 74HOl .20 4011 I I 2102 1.50* 74160 .75 74H04 .20 4012 .16* 
~102-1 1.70 

.75 * 4013 .30* I I 
roms 74161 74H10 .20 

82S23/S123 1.95* 74H11 .20 4015 .80 

74163 .75 * 74H40 .20 4016 .35* I I TTL 
74165 .80' 74H51 .20 4019 .70 

7400 .12 * 74173 1.25 74H52 .20 4020 .90 I I 7402 .14 74174 .75 74H74 .40 4021 .95 
7403 .14* 74175 .75 * 74Hl03 .50 4023 .16* I I 7404 .16* 74177 .70 74H106 .50 7407 .20 74180 .80 4025 .20* I I 7410 .12* 74181 1.50 LOW POWER 4027 .40 
7420 .12 * SCHOTTKY 4028 .60 

I I 7427 .25 74191 .85 74LSOO .29 4030 .35 
74192 .70 * 74LS02 .29 4040 .95 

I I 74193 .70 * 74LS08 .29 4042 .60 
7438 .20* 74194 .85 74LS10 .29 4043 .75 

I I 7440 .12 * 74198 1.25 74LS27 .30 4044 .70 
7441 .65* 9602 .50 * 74LS73 .45 4049 .35* 

I I 9300 .75 74LS75 .65 4050 .35* 
7445 .60 9312 .70 74LS151 1.10 4066 .65 

I I 7447 .75 
74LS153 1.10 4068 .35 

7450 .14 
SCHOTTKY 74LS157 1.10 I I 7451 :14 * 74LS161 1.50 * 4071 .16 74S01 .25 7473 .28 

74LS163 1.50 4073 .16 
I I 7474 .28 74S02 .25 

74S37 .40 74LS164 1.50 4075 .16 
7475 .40 74LS174 1.10 * 4516 .85 

I 74538 .60 I 7480 .40 * 74LS175 1.50 4528 .75 74S85 2.00 

I 74S113 .80 74LS193 1.50 I 7493 .50 74LS221 1.50 * LlNEARS 7495 .49 74S139 1.50 

I '14107 74S140 .50 74LS251 1.50 NE536T 2.75 I .29 
74S153 2.50 74LS253 1.50 NE555V .43 74109 .30 

I 74116 74S172 4.50 74LS257 1.50 NE556A .90 I 1.50 
74123 74S174 2.05 74LS258 1.50 1456V .75 .45* 

I 74141 .80* 74S175 2.05 * CMOS 1458V .52 I 74145 .75 74S181 4.50 4001 .16 * 566V 1.25 

I 74150 .60 * 74S197 2.20 4002 .16 567V 1.35 I 74151 .60 74S257 1.50 4006 .90 540L 2.00 

I 
Order Minimum $10.00. Add $ 7 00 shipping and handlin g charg e p er order. California residents add 6°'0 sales 

I 
I tax . All orders shipped Flfst Class w ith in 24 hours. I 
I Order the famous las is 6 volume Programmed Learning Course "Microcomputer Design is a Snap" for I $99.50 and receive a special $10.00 credit on any group of IC 's. 

I I Satisfaction 100% guaranteed. C.O.D. Orders : Phone (day or night) 408/354-1448 

I €LTRON PO BOX 2542B I 
I Sunnyvale, CA 94087 I 
L Free catalog-Just send us your name and address J -------- -- ------------



@@)0®OO 
BILL GODBOUT ELECTRONICS 

BOX 2355, OAKLAND AIRPORT, CA 94614 

WI~?w~ rnf))~IIi1~ffi1~ ~ ~~~~ ~©W 
ffi111~~ = 11©©II~IIffi1~ ~((]lll!JllfPm~ffi1lt 000 

V[<ClrOfFl1 = IF~II~ ~ffi1~II©~ll!JW~~ 
TERMS, Add 50, to orders under $10; over $10 add 5% for 
shipping & handling. BankAmericard" /Mas tercharge®, ca 11 
(415) 562 - 0636, 24 hours. Cal res add tax. No CODs. 
Thank you very much for your patron age . ' 

There are no screws or fasteners to mar 
the lines of these beaut i fu l enc losu res . 
Has p rovisions for card gu id es , connec
tors, etc . on the in s ide . Availab l e i n 
black o r computer blue wi th wh i te front 
panel; s hi pped un assemb l ed. 
#VP5-17-17U 5 . 5 1"H, 17.58"w, 17.I"D 

Now you have a choice--speci fy wire D@@ $79.25 
wrap pins (i llustrated) or solder - ~~ #VP7- 17-17U 7.2611 H, 17.S811w, 17.11tD 
tail .... i th . 250" ro.... rD')D~ $84 . 00 
ing . For HISAI and IF"'' l..J'\..J #VP9-17-17U 9.0 1"H, 17.S8t'w , 21.6"0 or 
Altair peripherals. ~ro'~~ . exact same size as IM SA I microcompute r. 
\\' ire wrap pa rt II 15~~t..=:J $96.50 

S- IOOWW. Solder- ~!QIr.-Jlr.-JlR~"i?@1i3'l r-.... ,-, •.• ---------?--------------_--_-_--_-_- _ 
t ail part If S-100S'I'. ~~lJ'\JlJ\:JI.5t:::? U I.nj I ~ ~~~ 

:1~~I?S~,~li~0~~::~0!~S·$ 5 [E'CI~I==$22 [FOA 5 ~~T~~;~O~~~~ : ~~ 
I ....... ------~I 10/$1.95 ASSORTED VALUES. We picked up a 

MUlTI. CONDUCTOR WIRE ~~ggav~u:lilt~~itemduli~~~~~~~t~; II batch of brand new, American made, trimmer 
caps in assorted styles and values. House 

flat cable. Unfortunately we I. numbered, so we ' re not sure of the exact 
20 conductor <1128 stranded wire) 20 ft/$5 . 95 couldn't get as much as we II values-- - and until we get them all tested 
26 conducto:- (f128 stranded wire) 20 ft/$7.50 wanted, so ~f you 're. ~nter - I. out we're selling assortments at a SUJcr 
28 conductor (1124 stranded wire) 20 ft/$9.95 est",d, get your order ,n soo:). I bar~ain. Lowest value caps go from 2-8 ~F; 
34 conductor (l12S stranded wi!'e) 20 ft/$9.95 Subject to pnor sale. I highest value caps from 50- 60 pF . Ltd qty. --------------------------------------------- '-----------------_ ....... -. ............. ~ .................................................. . 

I EconoRom
M $17995 • • • • • • • • • • • • • 

GIVE YOUR CPU A FRIEND, A HOME FOR PROGRAMS AND ROUTINES. 

Our basic ECONOROM board is 4K X S Horth of eraseab l e ROM, Hhich 
you can program with any program or routine you want (or have us 
program i t for you). Similar features and same qua li ty as our 
ECONORAM---and also v ery low power: 5V@!;;A , -12V@150 rna. We 
offer severa l options: 

BASIC ECONOROM BOARD (4KXS) ................... .. .... $179.95 
SMALLER ECONOROM BOARD (2K X S) . . ... . . .. ... .. $135.00 
BIGGER ECONOROM BOARD (SK X 8; holds SK BASIC). . .. $269.95 

• S080 SOFHIARE BOARD (th is is our 4K board, programmed with edit -
.. or, assembler, and monitor roucines for the 8080 . .. a va luable 
.. first step if you're trying to get away from machine language 
• programming. I nfo package available that describes the f unction I of all $2.95 (refundable with order).. ..$189.95 

I·················································· .. . The Adam Osbor-ne& Assoc iates books on 1ll i c r ocompu- • I1®®~I.II?::J® r::w®rn £ 
.. ters are r ec09 n i zed as tops i n t he i r f i e l d . Lu c i d .~ ~~ 
.. a"ld comp lete , these a re nDI'1 a va i l ab l e from us pp d • 
• in the USA, o r buy o il 3 books for $25 ppd . • 

EconoRam
T

•
M

.• "AN INTRODUCTION TO MICROCOMPUTERS, VOL. I" book : 
• #200 1. C l ea r-I y cove rs al l the bas i cs ....... $7.50 • 

• "VOLUME 2" book #300 1. Co ve r s la t est uPs and sup - • 
• port ICs , rep l ac i ng 1005 of pages of data .. $ 12.50 I 

$ 99 95 -\. " 8080 PROGRAMM ING FOR LOG IC DES IGN" 
Oemyst i fi es the a r t a t prog r ammin g .. . 

• • ••••••••••••••••• 
OVER T\lO YEARS OF EXPERIENCE SELLING 4K X S BOARDS HAS SHo\.JN US 
EXACTLY WHAT YOU WANT IN A ~IEMORY BOARD KIT. 

--You want low power to stretch your power supply. Any company 
can claim l ow power; not every company offers a spec to back it 
up . We guarantee current consumption under 750 ma, with the 
average board falling betHeen 600 and 650 rna. 

--You want 5-100 buss compatibility ... and Econorarn is fu lly com 
patible. 

--You want c l ean and unambiguous da ta transfer ... ,.,hich is why He 
buffered our addresses , data lines, and outputs long before the 
other guys caught on. 

--You want a fast board . By using memories guaranteed at 450 ns 
\vorst case over the full temp range, tve can guarantee this board 
to run at zero wait states (500 ns or better) . A 450 ns memory 
also allmvs for any propagat i on delays in support circuitry. 

--You want quality, a nd we deliver it. From the epoxy g lass, dou
ble-sided, plate through board ... to the 10H profile sockets. 
the optimized thermal design. the DIPswitch address selector. 
the lmv pmoJer Schottky support Ies ... the guarantee 1:;'le o f fer on 
al l parts used in Econoram ... and more. 

--'lou want low cost. Becau se of our purchasing policies and quan
tity buying, He can sti l l del i ver a board of this quality for 
under $100. You can pay less, and you can get less. But if you 
want the b est combination o f value and economy ... ECONORAH g i ves 
you both . 

ALSO AVAILABLE ASSEMBLED, TESTED, AND WARRANTED FOR ONE YEAR FOR 
$129 . 95 . DISCOUNTS ON ALL KITS AVAILABLE FOR GROUP PURCltASES. 

74 LSOO 
741.S01 
741.502 
741.S04 
74LS08 
74LS10 
741.5f I 
74L$]4 
741.S 20 
74 1.S2 1 
741.S22 
741.S 27 
711 LS30 
741.S32 
741.S37 
741..538 
74 LS4 2 
74 1.S74 
741.S75 
741.5109 
741.S1 24 
74LS 1 25 
741.SI 26 
7111.51 3 2 
741..5 138 

SO . 36 
D.36 
0.36 
0 .4 2 
0.38 
0.36 
0 .38 
1. 38 
0.36 
0 .38 
o ,38 
0 .38 
o 36 
0 .38 
0 . 53 
0.53 
1. 25 
O. S6 
0 . 85 
0.60 
2 . 50 
0.75 
0 . 75 
1. 50 
1. 38 

25 P IN RS - 232 
CONNECTORS: sub-
min i 0 type. 

Ha I e plug wit h 
p lastic hood, 
part #DB25P 
..... ... .. 53 . 95 

Female jack, 
pa rt #DB255 

... ..... 53 . 95 

74LS I39 
741.S155 
741.SI57 
74LS160 
74LS161 
74 1.S I62 
741.5163 
741.S 168 
741.S169 
741.5 174 
741.SI75 
741.S22 1 
74LS240 
74LS257 
741.S258 
74LS273 
741.S283 
74LS367 
741.S368 
74 LS377 
74LS378 
8lLS9S 
8 lf.S96 
81 1.S97 
8ILS98 

1. 38 
1. 38 
1. 25 

. 85 

.85 

.85 

. 85 

. 87 

.87 

. 38 

. 35 

. 38 

. 88 

. 25 
1. 38 
2. 25 
1. 20 
1. 00 
1. 00 
1. 88 

. 38 

.13 
1.1 3 
1.1.) 

. 13 



MICROPROCESSOR COMPONENTS 

CPU'S RAM'S DISPLAY LED'S 

8008-1 8 Bit CPU $17 .95 
21L02 1024 x 1 $1.58 

Type Polarity HGT. Price Static 
(18 Pin) (PMOS) 1101 256 x 1 Stat ic 1.00 MAN -4 Common Cathode .187 $ .75 
8080A 8 Bit CPU 24.95 1103 1024 x 1 1.50 ILD -74 Logic Drive (8 Pin) 
(40 Pin) (2us) (NMOS) Dynamic Opto-Isolator (8 Pin) 1.00 

DL-707 Co mmon Anode .300 1.25 2101 256 x 1 3.00 
DL -747 Co mmon Anode (Jumbo) .60 2.00 

8080 SUPPORT DEVICES Static (1us) 
TIL -11 3 Opto Coup ler (6 Pin ) 2.00 2102 1024 x 1 1.50 

Stat ic (1us) TIL-302 Common Anode 

8212 8 BIT $ 4.25 2102-1 1024 x 1 1.65 (LORR DEC) .27 1.00 

I/O Port Static (500NS) 
8214 Priority 8.95 2107B 4096 x 1 6.50 

TTL PRODUCT Interupt Contro l Dynamic (200NS) 
8216 Bi-Directional 4.25 2107B-4 4096 x 1 5.00 

Bus Driver Dynamic (270NS) 7400 .14 7441 .85 7496 .65 74160 .86 
8224 Clock 8.00 2107B-6 4096 x 1 4.50 7401 .20 7442 .44 7497 2.00 74161 .62 

Generator Dynamic (350NS) 7402 .20 7443 1.20 74100 1.25 74162 1.00 
8255 Programmable 12.00 3107 256 x 1 2.9 5 7403 .20 7445 .89 74107 .76 74163 .76 

Peripheral Interface Static (80NS) 7404 .20 7446 .87 74109 .35 74164 .80 
3107A 256 x 1 3 .50 7405 .20 7447 .69 74110 .50 74165 .90 

ROM'S Static (60NS) 7406 .39 7448 .81 74116 2.00 74166 1.00 
4050NL 4096 x 1 4.00 7407 .39 7450 .20 74120 1.25 74167 3.00 

Dynamic (300NS) 7408 .20 ·7451 .20 74121 .34 74170 2.00 
74S387 1024 Bit $ 2.50 5261 1024 x 1 3.00 7409 .24 7453 .20 74122 .39 74172 9.72 

Programmable Dynamic (400NS) 7410 .20 7454 .20 74123 .50 74173 1.25 
MM5230 2048 Bit 1.95 5262 2048 x 1 3.00 7411 .20 7460 .20 74125 .45 74174 85 
DM8796 4096 Bit 10.00 Dynamic (365NS) 7412 .24 7470 .20 74126 .45 74175 .75 

5280 4096 x 1 4.00 7413 .35 7472 .23 74128 .65 74176 85 
Dynamic (200NS) 7414 .70 7473 .26 74 132 .95 74177 .85 

PROM'S 7489 16 x 4 Stat ic 1.50 7416 .33 7474 .29 74136 .50 74180 .75 
8599 16 x 4 Static 1.50 7417 .33 7475 .39 7414 1 .80 74181 2.00 

7420 .20 7476 .31 74142 400 74182 .90 82S23 32 x 8 Open $ 3.00 7422 .50 7479 1.50 74143 3.00 74184 1.65 Col lector (Schottky) MISC. OTHER 7423 .28 7480 .69 74144 4.00 74185 1.30 1702 A 2048 Bit 5.00 COMPONENTS 7425 .24 7482 .72 74 145 70 74186 500 (512 x 4) (1us) 7426 .24 7483 .75 74147 2.50 74190 1.00 Erasable and 7427 .24 7485 .90 74148 1.75 74191 .65 Electrically N8T20 Bi -Direc - $4.00 7428 .40 7486 .25 74150 1.00 74192 .85 Reprogrammable tional One Shot 7429 .40 7488 3.50 74151 .70 74193 .85 1702AL 2048 Bit 7.00 N8T26 Quad Bus 3.25 7430 .20 7489 1.50 74 153 .70 74194 1.20 (512 x 4) (LO-PWR) Driver/ Re ce iver 7432 .28 7490 .39 74154 .90 74195 .55 (1us) Erasable N8T97 Tri -State 1.45 7433 .34 7491 .65 74155 70 74196 80 and Electrical ly Hex Buffer 7437 .28 7492 .39 74156 .90 74198 1.50 Reprogrammable 1488 RS232 Quad 1.25 7438 .28 7493 .39 74157 .70 74199 1.75 2708 8192 Bit 40.00 Lin e Driver 7439 .36 7494 .70 74158 1.7 5 74200 3.50 (1024 x 8) 1489 RS232 Quad 1.25 7440 .20 7495 .50 74159 2.25 74279 1.75 Erasable and Line Receiver 
Electrically D3207A Quad 2.50 
Reprogrammable Bi-Polor to LINEAR 8223 32 x 8 Open 3.50 MOS Level 
Co llector ShifterlDriver 

C-3404 6 Bit Latch 3.95 LM308N(8) Micro Power Op Amp $ .75 

SHIFT REGISTER'S 12NS Output LM311 N(8) Hi-Perfo rm ance Voll. Comp. 95 
Delay LM318N(8) Precision Hi -Speed Op Amp 1.95 

P-3408A Hex Sense 6.75 LM324N Quad 741 Op Amp 1.00 
MM506N Dual $ .89 Amp li fier W/Latch LM 339N Quad Comparator .75 

100 Static P-4201 Clock 4.95 LM380N 2 Watt Audio Power Amp .60 
P-2405 1024 4.95 Gene rator LM381 N Low Noise Power Amp 1.95 

Dynamic MM-5320 TV. Camera 6.00 NE555V Timer .60 
N2518B Hex 32 Bit 3.95 Sync. Generator NE566V Function Generator 2.00 
N2533V 1024 Static 3.95 MM-5369 Osci llator 2.00 NE567V Tone Generator 2.00 
MM5013N 1024 Bit 2.00 Pre -sca ler NE723CN Vo ltage Regulator .50 

Accumulator MC-6850L Asynchronous NE739N Dual Hi-Perf. Op Amp 1.00 
Dynamic DM8130N Ten Bit 2.25 NE741CH Compensated Op Amp .45 

MM5017N Dual 2.00 Comparator NE741CN Compensated Op Amp .35 
500/512 DM8131N 6 Bit 2.00 NE1458CN Dual Comp Op Amp .65 
Dynamic Comparator NE3900N Quad Amp .45 

MM5058 1024 x 1 2.50 
Static 

JADE Co • 
TMS3002LR Dual 50 3.00 

Static 
TMS3132NC Dual 144 2.00 

Static 
ELECTRONICS DISTRIBUTION 

CALCULATOR CHIPS NEW LOCATION 

5351 W. 144th ST, LAWNDALE, CA 90260 
MM5736 6 Digit Ca l. $1 .25 TERMS: 

CT5001 12 Digit Ca l. 1.75 Add $1.00 for shippi ng plus $.85 if COD Phone (213) 679-3313 
With Specificatiqns California Residenfs add 6% Sales Tax 

$20 minimum on BofA &. M.C. Retail Store Opens February 21, 1977 
Orders from Foreign countries add appropriate postage Hrs. 9-7 MON.- FRI. ; 9-5 SAT ; 12-5 SUN . 



~ 7400N TTL 'Y%#W 
S,mOON . 16 SN7459A .25 
SN74QIN 16 St'47460N .22 5N74154N 100 
SN7402tl 21 5117470N .45 5t174155" .99 
SN1403N .16 SN1472N .39 SNW56~' .99 
SN74().1N . 18 SN7473tl .31 SN74157N .99 
SN7405~ .24 St/7474N .32 SN74160I\ 1.25 
SN7406N 20 StH475N: .SO SN74161N .99 
SN74D7N .29 SN7476N' .32 SN74163N .99 
SN7408N .25 SN7479N 5.00 SN74164N 1.10 
SN74D9N .25 SN7480N .50 SN74165N 1. 10 
SN74 10N . 18 SN7482N .98 SN74166N \ .25 

F=AIRCHILO TECHNOLOGY KITS F=AIRCHILO 

fTKOOOl 
fTKOOO2 
nKOOOJ 
nKOOO~ 
fTKOOO5 

nKOO IO 
nKOOl l 

DIGITS 
05 High Common Camooe Digil 
05 HlgnCommon .\nOlle Digit 
357 High Common Camoae Ol!!tl 
o 8 lilg~ Common CathOlle Olgll 
08" High Common Anode Digit 

O.B" HIGH OISPLAYARRAYS 
12 /tour .3'h 0IgIICloekOlspl.ly 
24Houl . .:0IgltClockOlsplay 

PHOTO ARRAYS 
51 00 nKOO~O IHtemenl !alle Reader Ar!a~ 16 (Xr 
100 nKOO.!1 12·Etemenl Card Realle! ArJay 2400 

2 ~ }-'-"",'OO::'-=:'-"R:::"'="::.:,,,:::, O::,::".:::C'::::":::",-' ____ -"-'00'-. 
'00 COUPLERS 

rrKOO50 J Gene!at f'UI!loSe OplO Coupters 100 
nK0051 Oartilluton DplOCouplcr 1 00 

7 00 }-'-----"-"-"-"-------. 
800 MOS CLOCK CIRCUITS 

WIRE WRAP CENTER 
HOBBY-WRAP TOOL-BW-630 

• Battery Operated (Size C) 
• Weighs ONLY 11 Ounces 

• Wraps 30 AWG Wi re onto 

Standard OtP Sockets (0 .25 inch) 
Complete with built -in bit and s leeve 

SN7411 N .30 SN7483N 70 SN74167N 5.50 
SN7412N .33 SN7485N .89 SN7417QN 2.10 
SN741 JN 45 SN7486N .39 SN74172N 8.95 

l EO LAMPS 
10 Rcd lEO Lamp. 

O,g ''':'f~~~~:;;;':' ''"'' C","" 700 WIRE-WRAP KIT _ WK-2-W 
0Iglta~~~~~,~17:~;~~~;)II~ BCD i 00 WRAP • STRIP • UNWRAP ;\-Ii,- - - ~~ oJ. ~\ 

rTK0400 

nK0401 
St1741 4N .70 SN7488N 3.50 SN74173N 1.50 
SN1416tl .35 SN7489N 2A9 SN74174'" 1.25 
SN741711 .35 SN7490N .45 5N74 175N .99 
SN7420N .21 SN749 1tl .75 SN14176t. 90 
Stl7-l1HI 33 SII7492N .49 SN74177t. .90 
SN7422N 49 SN7493N .49 SN74180N .99 

nK0020 
nKOO21 
nK0022 
nK0023 

FTK0030 
FTK0031 
FTK0032 
FTKooJ3 

5 MI. ell Colo!ell LEO lamps 
10 lEO MOU n\lng Chos 
S Three Piece LEO 1.10unungAdapler s 

PHOTO TRANSISTORS 
5FlaiLensPtIoioliansiSlors 

<00 
'00 
'00 
'00 

nKO~02 
Vo lth AC OulpuII FCM3817A) \ 

Oueel Orl~e Olgllal Clock Clleult 500 . Tool lor 30 AWG Wire " ·c N~ 

WI!tI OC Ou tPUI (FCM381 70) • 50 pcs . each 1" , 2". 3" & 4' lengths - " ... 
nKO~03 Olleel O'!ve [)Igllat ClOCk CuculI 500 . Roll of 50 Ft. White or Blue 30 AWG Wire "~ 

; ~ nKOJ05 ollec~I~~:I~ 1~~;,~~O~~le k Calemla! 600 pre-stripped wh ite w ile . © SN7423N .37 SN7494N .19 SN741 81f1 2.49 
5N7425N .29 5N7495N .79 SN74182N .95 
5N7426'I .29 SN7496N .89 5N74184N 1.95 

5 Round lens Photo TlanSISlOIS 
3 Flal Lens Photo Oarhn!llons 
3 Round lens PnOIOOa!llnglons 

:::g 1------'-'=-=--,-=-lTsCC------I $11.95 .r:I1i 
SN7427N .37 SN7497N 4.00 5N74185N 2.20 
SN742911 .42 5N7410011 1.00 5N74186H 15.00 
5N7430N .26 SN74107N 39 SN74187N 6.00 

nKOI06 Aulomot)lll' Clock Ktl 4000 ", ;;;;" WIRE WRAP TOOL WSU-30 

125" dla. A. .190" . 5N7432N .31 5N74121N' .39 5117418811 3.95 
5N74371/ n SN7412211 .39 5N74190N 1.19 
51m3aN 27 5N74123N .50 SN74191N 1.25 
SN7439N .25 5N7412511 .60 5N7419211 .89 
5N7440N IS 5N74126N .60 Stl741 93N .89 
SN7~4 1 U 89 SN74132N 1.09 SN741~1I 1.25 
SN7~42N 59 SN74 136N .95 5N74195N .75 
5N7443N 75 5N74 14111 1.15 5N74196N 1.25 
5117444 N 75 5N74 142N 4.00 SN7419711 .75 
5N7445N 75 SN74143N 4.50 5N74198N 1.75 
SN7446N 81 5N74144N 4.SO 5N74199N 1.75 
5N7447N 69 SN74 145N 1.15 5N74200N 5.59 
5N7448N 79 5N74147N 2.35 5N74279N 90 
511745011 26 SN74148N 2.00 5N7425111 1.79 
SN7451N 27 SN74 150N 1.00 SI/74284N 6.00 
5N7453r. 27 SN7415 1N .79 StI74285N 6.00 
SN745411 20 SII74 153N .89 S1I74367f1 .75 

MANY OTHERS AVAILABLE ON REQUEST 
20% Oiscount for tOO Combined 74oo's 

C04000 25 
C0400i .25 CMOS 74C04N 75 

74Cl0N 65 
C04OO2 25 C04035 1.85 74C20N .65 
COJOO6 250 C040JO 2.'15 74CJON 65 
C~OO7 25 CO':()42 1.90 74C42N 2. 15 
COJ009 39 CO-=()4~ 1.50 7':C73rl 150 
CD~O IO 59 CO':0-:6 2_51 7':C74 1 15 
CO":OI1 25 CO":0-:7 2 75 7~C90 tl 300 
CO":012 25 COJ0-:9 79 7':C9511 200 
CO!013 4i CO":OSO 79 ;':CI071I 125 
CO":016 56 CO":051 2.95 7JC151 290 

XC209 
XC209 
XC209 
XC209 

Ret:! 10S1 ~ - XCII I Rea 
Gleen ': /$1 )(Cll1 

~~::;e; ;1~: DISCRETE LEOS ;g::: 
.200"' dia . IB5" dia. .200" dia . 

XC22 Red 10/51 XC526 Rea 10/51 XC556 Red lOIS I 
XC22 Glcen 4/51 XC526 Gleen ~ISI XC556 r.reen .: 51 
XC22 Vellow 4/51 XC526 Yellow 4/S1 XC556 Yellow .I ISI 
)(C22 Orange 4/51 XC526 Orange 4/$1 XC556 OI,lngc .1 /51 
SSl ·22 fl1 4/$1 XC526 CIC.l! .\1$1 XC556 CIC,lr 7/S1 

SPECIAL · - XC556 Red 100/$8.00 1000/$60.00 - SPECIAL · 

01707 III DISPLAY LEOS 
TYPE POLARITY 
MMII COllllllonAnOllc 
MAN 2 5.1001 ManiA 
MAN 3 Common Camooe 
IMIN ,: Common C~ltlOI!!' 
MAN 7 Common ,'norte 
MAN 7G COllllllonAnot1e·gleen 
MAN 7Y Common Anollcye!IOw 
MAN 52 ComrnonAnollc·green 
MAN &: r,oml11on Anolle'lf!! 
1,1,),N 74 Common calholl~ 
MAI~ 82 COl!1mollAnoae.yettow 
MMI s.: Common Cal~O(I~·"le:ro ..... 
MAN 3620 Common Aft{)Ce ·mange 

HI 
270295 
300 .: 95 
1253100 
187 1 95 
300125 
300 195 
300195 
300 99 
':00 99 
300 'SO 
300 99 
300 99 
300 1 75 

TYPf 
1.1AN 36-l0 
MMl .: 710 
OLiOl 
Ol70~ 

OLi07 
Ol728 
OL7':1 
Ol 74; 
OliSO 
Ol33B 
FUOiO 
FlI050J 
Ff.OS07 

POLARITY 
COIIlIllonC;tlhlldCOI.lnge 
Common Au·ll(\c·lleti 
Common AnCllle · red . 
CommonCalhode 
ConrnronAI10llC 
COlllillon CJlImdc 
CornrnonAnOlle 
Common AnOlle 
COl11monC.dhode 
Common Calholle 
CommonC.t1tIO(\e 
Common C.ItIlOIlC 
CommOI1Anoue 

Ul2JB 

HI 
3O01,l 
-=00195 
JOO 
300 
JOO 
500 
600 
600 

19', 
' SO 
225 

600 2 <:9 
SO 110 

250 is 
;00 '00 
500 • 00 

_ WRAP. STRIP. UNWRAP- $5_95 

WIRE WRAP WIRE - 30 AWG 
25ft . min . Sl.25 50ft . S1.95 100ft. S2.95 1000 It. S15.00 
SPECIFY COLOR - White - Yellow - Red - Green - Btue - Btack 

CD 

i 
II , 

CUTTER CRIMPER TOOL (CS-8) 
• Plier Nose (se rrated -jaw) 
• Scissors Action Cutting 
• 6 Bolt Cutters (4-40. 5-40. 6-32 . 8-32. 

10 -32. 10·24) 
• Crimp S tations 17mm Auto - 22·20 to 

12-XO elect.) 
" Up -Front " Wire Cutting 

• Scissors Action St ripping (No. 22 -20 to No . 10) 
• Crimp S tat ions - insulated (2 w-20 to 

12- 10 eleet.) I 
Acilla) Size - BY, ' )englh $8 _ 50 , 

Permacel Electrical Tape 
• ~~"{w llJe)X6611.()ong ) • A)lweather • Not lmport 

51.25 per roll - S9.95 per 10 roll package CO": OI7 1 35 CO>!053 2_95 7JC1 5.: 400 
CO~OI9 55 CO':06O 325 7JC1 57 2 15 
CO":020 149 CO·l066 175 ; lC160 325 
CO~OZ2 I 2~ C04069 45 74CI61 3.25 

~~:g~; AlARI GAME BOARDS NEW AY-3-8500-1 TV GAME CHIP 
~~cl;I~~II~ ~:l ull~e~;e~ 10 be bal1C!y "'---Z::E::N~E::R~S~---:D~I':D':D':E':"S---R::E::C::T::I':F:-::IE::R::S~--I BOARD A- 8'~ ~ 16 

Ove! 60 caell l eusa ~tc IC s 
Mise llanSlslor s . fleslSlor s. 
Olode ~. Caps . Clystats. SWll cl\. elc 

S6. 95 ea_ 
ONLY 500 EA 

AVAllABlf 

. Seorcdlsptay 
• Selectable angles 

CO~023 25 C04071 45 7,IC163 3.00 
C04024 1 )0 COJ081 45 701 C16'' 3.25 
CDJ025 25 CO~5 11 2 SO 74C173 260 
C04027 69 CD45 18 2.50 74C I93 275 
C04028 165 MC14566 3 00 7~C1!l5 2 75 
C04029 290 7JCDOtl 39 MOlO~ '1 450 
CDJ030 65 7':C02tl 55 MCI.lo16 56 

300H .80 l MI 310N 2.95 
lM301H 3S 
lM30lCN 35 LINEAR lM1351N 1.65 

LM 141 4N 1.75 
LMJ02H .75 l MI458C .65 
LM304H 100 LMJ70N 1.1.5 lM1<I96N .95 
lM305H .95 l M373N 3.25 lMI556V 1.85 
l M3D7CN .35 lM37711 4_00 lM2111N 1.95 
LM305H 100 lM380N 1.39 l M2901N 2.95 
lM308CN 1.00 LM380CN 1.05 lM3065N .69 
LM309H liD l M381 N 1.79 LM3900N .55 
LM309K 99 l M382N 1.79 lM3905N .60 
LM310CN lIS IlE501K 8.00 lM3909 1.25 
lM311 H .90 NE510A 6.00 l M5556N 1.85 
Lf,1311U .90 . IIE53IH 3.00 MC5558V 1.00 
U.1318Ct/ 1.50 NE536T 6.00 l M7525N .90 
LM31911 1.30 tIE540L 6.00 l M7535N 1.25 
LM320K·5 13S NE5SON .79 B038B 4.95 
LM320K ·52 1.35 NE555V 39 lM75450 ,49 
l M320K· 12 1.35 NE5608 5.00 75451CN 39 
l M320K·15 1.35 NE5618 5.00 75452CN .39 
LM320T·5 1.75 NE562B 5.00 75453CN 39 
LM320T·5.2 US NE565fi 1.25 75454CN 39 
lM320T·8 1.75 NE565N 1.75 75491CN .79 
LM320T'12 1.75 NE566CN 1.25 75492CN 89 
LM320T· 15 175 NE567H 1.95 75494CN .89 
LM320T·18 1.75 NE567V 1.50 RCA L1 HEAR 
LM320T-24 1.75 LM703CN .45 CAlOl3 2.15 
l M323K·5 9.95 l M709H 29 CAJ032 2.56 
LM324N UO l M709N .29 CAJ035 2.48 
LM339N 1.70 LM710N .79 CAJ039 1.35 
lM340K-5 1.95 LM71 IN .39 CAl()46 1.30 
LM340K-6 1.95 lM723H .55 CAJ059 3.25 
lM340K-8 1.95 lM723H .55 CAJ060 3.25 
l M340K·12 US lM733N 1.00 CAJ080 .85 
lM340K·15 1.95 LM739N 1.00 CAJOBI 2.00 
lM340K·18 195 LM741CH .35 CAJ082 2.00 
lMJ40K·2~ 195 l!.4741CN .35 CAJ083 1.60 
LM340T'5 1 15 lM7':1·14N .39 CAJ086 .85 
lMJ40T-6 1 75 l M747H .79 CAJ089 3.75 
LM340T ·8 175 LM747N .79 CAJ091 10.20 
l M340T-12 115 LM748H .39 CAJ123 2.15 
LMJ40T -15 1 15 l M748N .39 CA,1130 1.39 
LM340T-18 115 l M1 303N .90 CAJ140 1.25 
LM340T ·24 1.15 LMI304N 1.19 CA3600 1.75 
LM350N 1.00 LM1J05N 1.40 RC4194 5.95 
LM35 1CN .65 LM1 J0711 .85 RC4195 3.25 

~ 74LSOO TT L ;:l~~~ 1.95 
' 55 
'89 
liS 
225 
275 

29 7.I LS7J 
J) 7JlS 75 
~ 7JlSi6 
?9 1.l lS83 
29 7·:tS85 
69 i':LS86 

1 n 7~LS90 
29 7.1lS92 
39 7~l593 

~9 7.:lS153 
69 iJLS157 
·:9 7.1LS162 

175 ; .ILSI63 
2 ..:9 7':LSI6.: 

':9 74 L5 175 
125 NLS18 1 
125 7.: lS190 
125 7.:LS1 91 

"5 1. 95 
369 
285 
285 

OELUXE BOARD B_ 1"' ... · ~ 18' 59.95 ea. 
O~C I 100 e~ct\ IClisaWe IC's ONLY 500 fA 

Mise Imnl$IOls. ReSis tors . AVAtLABLE 
Olodes. G.1PS. Crvs"'ls. SWllehts. lEDS ele 

spccd andbalsla 
• Aliloolm,l nual t),1 tl scrvlee 
• Rc.lllsmsoulI(ls 
• (iGall1cs - temll i. tlOGkcVI 

.occel.squasllll!! tota 
[)lJellce and 11'0 0 1, II e U,un/lS 

jl0WCIM MU1I!null1 l1umllcl 01 ; 
ex lCliiat eomponcn ls ICQuil cd 
101 CDrl1f)IClcsySlcm. 

$24.95 
te SOLDERT.~IL 

25·J9 
LOW PR OF ILE (TIll ) SOCK ETS 

1·2J 
80m S 17 
1~ pm 20 
16 pin 22 
18 Pill 79 
22 Pill 37 
14 pin $ 27 
16 Pill 30 
18 pill 35 
24 Pill .19 

8pm S30 
1':0111 35 
16 Pin 38 
18pm !l2 

10 Pin $ 45 
1·1 pm 39 
16pin "3 
18 pm 75 

' 6 

" " 28 
J6 

25 
27 
32 

" 
27 
32 
35 
Ii' 

41 
38 

" " 

~ J 1)111 
28 1)1U 
36 pm 

2i 40ptn 
35 SOLDERTAIL STANDA RD (TI N) 

" _ 28 pm 25 36 pm 
30 ~~n 

" SOLOERTAI L STANDARD (GQLD) 
2-= 2Jtlln 
29 ~pm 
32 361M 
J3 ~~n 

WIR E WRAP SOCK ETS (GOLD ) LEVEL # 3 

~; .. ~:~::: 
JI 3(i jJII I 
62 ·1D[)ln 

1-2·; 
S38 

·:5 
60 
OJ 

,99 
139 
'59 

,70 
'10 
1/5 
"5 

SI05 
1·10 

"9 
"5 

25-·19 
37 

" 59 
62 

90 
1.26 
" 5 

6J 
'00 
I ~O 
159 

95 
"5 
145 
"5 

SO· 100 
36 

" 58 

" 
B' 

:15 
130 

57 
90 

126 
1.:5 

85 
' 10 
1 30 
, .10 

~
laStiC Push Bulton Switch MINATURE TOGGLE SWITCH 

• 18 AWG Solid Wi re· 5" Long 
• ,50 (wide) X .60 (high) ¥I·27 Thread 
• 8 AMP @ 14 Volt - 1 AMP ~ , 10 Volt 

1·9 IO·Up 
J·188·1 PusllOn·Push Oil .59 J9 
J ·188·2 Normally Open 59 49 
J·188 ·3 NormallyCloscd 59.49 

i JMT -22 t OPOT on/all/on SI.95 
- JMT -223 OPOT on/none /on S1.75 

_ JMT-121 SPOT on/oH/on S1.50 
"""" JMT-123 SPOT on /none/on $1.25 

CUPUTE 8/$1.49 
~"_&;I LEO MOUNTING SYSTEM 

use with XC556 LEOS 
SPt!DlyCoioIS- Red -G!ecn -Ar.1:!el · Yello"'· I 

50 PCS. RESISTOR ASSORTMENTS $1.75 PER ASST. 
ASST. 1 

ASST. 2 

ASST. 3 

ASST. 4 

ASS T. 5 

ASST. G 

10 OHM 12 OHM IS OUM 18 OHM 22 OHM 
5 ea . 27 OHM 3301lM 39 OHM ': 7 OHM 56 OHM 

68 OHM 82 OHM 100 OHM 120 OHM ISO OHM 
Sea . 180 OHM 220 OHM 270 OHM 330 OHM 3[10 OHM 

.170 OHM 560 OHM 680 OHM 820 OHM Iii 
S ea . 1 2K 15K 18K 22K 27K 

3JK 
Su. 82K 

UK 
5u. 5t)K 

' SOK 
5ea.390K 

39ii 
10K 

Zi '" 
68K 

1800; 
J70K 

.: 7K 

"K 
33< ,,< 

220K 
560K 

so, 
IS' 
39< 

'OOK 
210K 
680K 

'" '" J7K 
120K 

1301< 
a20K 

1/4 WATT S% SO pes. 

114 WATT 5% 50PCS. 

1/4 WATT 5% SOPcs . 

114 WATT 5~~ 50 pcs . 

1/4 WATT 5~~ 50 PCS . 

114 WATT 5% 50 res. 

7':LSOO 
H lS02 
lJLS03 
7~ LSo.: 
7J1505 
7 ~tSoa 

14LS1O 
i~lS l3 
7JLSg 
i4LS20 
HLS26 
7~LS27 
7JlS28 
iJlS30 
74LS32 
I JlSJO 
7JlS51 
7':LS55 
1 ~\.m 

39 74lS95 
J9 74lS96 

195 iJLSI 92 
189 7JlS193 ~ :~ 1M 12M 1 5M IBM 22M 

189 ASST, 7 5 ea . 27M 33M 39M ,I 7M ~ 6M 1/4 WAn 5% 50 pes. 59 74LS I94 
59 7.1lS195 
59 7':LS257 

125 7JLS260 
59 i4l S2i9 

1 89 i~lS610 

18' ASST. 8R Includes Resistor Assortments 1-7 (350 pes.) $10.95 ea. 
1~ "'$~5~.O~o~M~ln~'m~um~o~'d~"~~U .~s~. f~un~d~s~on~,y~~~S~'~'C~S~h'~'~tS~- ~25~<~~s'=nd~3~5':c ~s.~' m='~I~"~'~97~7~A~C'~t'~1'::9-1 

~~~ ::~:::~ g:::~:~~~;f.~,", s:;:;; C'III"~nl' oR",~'~~':~':~J'aales Tal .,Dealllr,DlSCOUe"1 AYauablll

s
-Request Pricing 

MM5312 J 01 011. BCO OulpulS. I PPS OUIPUI 4.95 ~ 
MM5JI4 6 01~1. 120r 24 Hour. SO 0/ 60 Hz 4.95 
MM53 16 401\11 1. A1alm. 1 PI'S OlJlpul 6.95 

~r~~i8 ~I~~~,~t~~e;~~~: ~o;I~~e\~~~ ~~i~;~1 . 59.95) ~ : ~~ ~O If...~ 
1-=~=~D;A~T7A;HC;A:;'N"'D;B';:O:;:O;K;"S-----'=-I ~~ 1021.A HOWARD AVE .. SAN CARLOS. CA . 94070 

7400 P"I Oll! & DescriPtio n o f 5400/7 400 ICS S2 .95 

29 7JLSI07 
39 14L5 109 
39 741S1l2 
29 7JLSl32 
29 7.:tS1J6 
:/) 7':lS138 

ELECTRONICS 
CMOS Pm ' Olll & Desc n ption of 4000 Series ICS $2.95 PHONE ORDER S WEL COME _ (415) 592·8097 
l inear PIALt' tH~EE I~oA~~::OCC;K~oSn6.95 S2.95 Atl Adve r1 lsed Prices Good Th ru Ap ri l 

TYPE VOLTS W 
IN 746 3.3 4QOmm 
lN751A 5.1 400m 
IN752 5.6 .:oom 
lN753 62 JDOm 
1t175~ 68 400m 
111959 82 ,100m 
IN965B IS ~oom 

Irl5232 56 SODm 
IN523462 500m 
lN5235 68 SOOI11 
IN5236 7.5 5DOrn 
lN456 25 JOm 
lN458 ISO 7m 
IN485A 180 10m 
IN4001 50PIV I M1P 
IN·1002 100 PtV I AMP 
INJ003 200 PN 1 AMP 
1tI>!OO~ JOO PIV I AMP 

PRrCE TYPE VO LTS W 
411.00 IN4005 600 PIV I AMP 
.\/1 00 IN4oo6 800 PtV 1 AMP 
41100 1114007 looOPtV I AMP 
J/IOO lN3600 50 200m 
J /IOO IN·1148 75 10m 
8/100 INJI5.: 35 tOm 
~ 1 00 !'1J305 75 25m 

26 1'l ~73~ 56 
28 IIW3562 
28 I'IH36 68 lw 
28 I'H738 82 lw 

61100 IIJ4742 12 Iw 
Gil 00 ltl4 i44 IS lw 
611 00 lNIl83 50PIV 35AMP 

12'100 IN1184 100 PIV 35 AMP 
1211 00 lNI185 150PtV 35 A1.IP 
12 1 00 1111186 200 PtV 35 AMP 
12 1 00 WI1 88 ,:ooPIV 35AMP 

SCR AND FW BRIDGE RECTIFIERS 
C360 
C38M 
2N2328 
MOA 980 ·1 
MOA980-3 

15A@<lOOV 
35A@200V 
1.6A @200V 
1'lJ1@50\l 
12A@200\l 

seR 
seR 
seR 
FWBRIOGE REC 
FW8RIOGE REC 

PRICE 
101100 
10 100 
101100 
filOO 

15100 
12 1 00 
20 1 00 

28 
28 
28 
28 
28 
28 

'60 
I/O 
'SO 
'80 
300 

S195 

"5 
" "5 

"5 
MPS AO~ 
Mf>SA06 
21<2219" 
2N222 1 
21l22221, 
2112369 
2tJ 2369" 
2li24!\.l 
2112906" 
2112907" 
21'1292~ 
2N30~3 
m30~~ 
MJE30~~ 
MJ[29~5 

2111392 
2113398 

5'$1 00 
5.' $1 00 
31$1 00 
41$1 00 
5'SI OC , 
5S100 

TRANSISTORS PIWoIg 4 'S1 00 

lOp! 
22 pI 
Hpf 

lOOp! 
220p! 
HOpI 

.00 lmf 

.0022 

.0047ml 
olml 

1135V 
.15/35V 
.22135V 
.33/35V 
.47135V 
68/35V 

1.0/35V 

~ SI 00 
~ $1 00 
4S1 oo 
5$ 1 00 
5:SI 00 
21S1 00 

S 89 
Sl OO 
$1 2~ 

5051 00 
5SI00 

SO VOLT CERAMIC 
OISC CAPACITORS 

PII.ll5Q 4 51 00 
;>1: .1400 4 $100 
,, 1;·\·1 01 1511)0 
21:·:~OZ : S 1 00 
m·1403 ~S I 00 
2114.:1)9 5 S1 00 
2J;5066 451 00 
7:1~1I7 45100 
mSOlllt ~51 00 
21;5GIIg ~ $1 00 
m5129 5 51 00 
<115136 5 51 00 
2115139 !> $l oo 
2115:?Q9 5 51 00 
2U!>9~1 5$1 00 
Cl0681SCR 2 $100 
2N5·.IJ' S200 

CORNER 
1·9 10·J9 SO·1()() 1·9 10·4950·100 

05 04 03 O)IJ.lF .05 .04 035 
.05 04 .03 0)4h1F .05 .04 035 
05 .04 03 O1I'F .05 .OJ .035 
.05 .04 .03 .022J.1F .06 .05 .04 
.05 04 .03 .0HJ.lF 06 .05 04 
.05 .04 .035 . I,I.!F .12 .09 .075 

,00 VOLT MYLAR FILM CAPACIT ORS 
.12 .10 07 .022ml .13 11 
.12 .10 .07 (»7mf 21 . 17 
. 12 10 07 . Iml 27 23 
12 . 10 .07 22ml .33 27 

+2~'" DIPPED TANTAlUMS IS OLIO) CAPACITORS 
.28 23 .17 1.5/35V 30 .26 
.2B 23 .17 22/25V .31 .27 
.28 .23 . 17 3.3125V 31 .27 
.28 23 .17 4.7125V .32 .28 
.28 .23 . 17 6.8/2SV .36 .31 
.28 .23 17 IOJ25V .40 35 
.28 .23 .17 15125V .63 50 

MINIATURE ALUMIHUM El ECTROlmC CAPACITORS 
Axial l ead Radlilllead 

08 
13 
17 
22 

.21 
22 
22 
.23 
25 
.29 
40 

.4715011 IS 13 10 ,47125V .15 .13 " II 10/50V 16 14 11 .47J5OV .16 . 14 
33/SOV IS 13 10 1.0/16V .15 . 13 
4.7J25V 16 . 14 12 I OJ25V .16 . IJ 

10!25V .15 13 10 I .O/SOV 16 14 
ID/SOV .16 .14 .12 U /16V 15 13 
22125V .17 .15 12 U 125V .15 13 
22/5011 .24 .20 . 18 U /SOV 16 .14 
47/25V 19 .17 15 10116V . I~ .12 
47150V .25 .21 19 10125V IS 13 

100125V .24 .20 .18 10/50V .16 .14 
100/S0V .35 30 28 47150V 24 21 
220/25V .32 .28 .25 lOOll6V . 19 .15 
220/50V 45 .4 1 .38 IOD125V . 2~ .20 
470/25V .33 .29 .27 100/50V .35 30 

l OOO/ lGV 55 ,50 .45 220116V .23 .17 
22OOl16V .70 .62 .55 J70125V .31 .28 

10 
II 
II 

" 10 
. 11 
.09 

" 12 
.19 ... 
" 28 
16 

.26 



TAlS r ~~J-
FREQ UENCIES QNLY I ~. I -

Frequency caSeIS'Y le~ 
1.000 MHz HC33/U $5.95 
2.000 MHz HC331U S5.95 
4.000 MHz HCIS/U $4 .95 
5.000 MHz HC181U S~ .95 

10.000 MHz HC18/U $4 .95 
14 .31818 MHz HC18U $4 .95 
18000 MHz HC181U 54 .95 
20.000 MHz HC181U S4.95 
32 000 MHz HCI8!U $4 .95 

XR·2260KB Kil 527 .95 XR·2206KA Kil 517 .95 
WA VEFORM EXAR TIMERS 

GENERATORS XR ·555cr S ,9 
XR ·2D5 5840 XA ·320r ISS 
l(R·2206CP 4.19 )(R ·556CP 165 
)(R·2207CP J85 MISCELLANEOUS xR·2556CP 320 

XR-221ICP $670 xR·22JOCP 32:i 
STEREO DECODERS XR ·JI36 9' PHASE LOCKED lOOPS 

XR·1310CP 5320 XR · \o!6B J8S XR·210 520 
XR· l )lQEP 3.20 xR·1!88 580 xR·215 660 
XR·I800P 320 XR·1 J89 '80 xR·56iCP 195 
XR·256i 2.99 XR ·2208 S20 ;.:R ·S6iCl liD 

CONNECTORS 
PRINTED CIRCUIT EDGE·CARD 

.156 Spacing· Tin ·oouble Read ·oul 
Bilurcaled ConlaCIS - Fils .054 10 .070 P.C. Cards 

15130 PINS (Solder Eyelel ) Sl .95 
18/36 PINS (Solder Eyelel) S2.49 
22 /44 PINS (Solder Eyelel) S2.95 
5011 00 1. 100 Spacrng) PINS (Solder Eyelel) S6.95 

08 25 
08 25 -I 

25 PIN ·O SUBMINATURE 
PL UG 

SOCKE T 
S3 .25 
S4 .95 

3% DIGIT DVM KI . 

~. 
ThiS 0-2 voe 05 per cent digital vollmeter features the Motorola 3Vl digit 
OVM chip set II has a ,4"' LEO display and operates from a Single -SV 
power supply. The Unit IS provided complete with an injection molded black 
plastiC case complete With Bezel. An optional power supply is 3'!aiiable 
which IrIS Into the same case as the 0-2V DVM allowmg 117 VAG operation. 

8080A 
8212 
8214 
8216 
B224 

"'80 
6080':' 

25D~ 

2518 
2519 
2524 
2525 
2527 
2529 
2532 
2533 

ICROPROCESSOR COMPONENTS 
CPU 
8 Bil Inpul/Oulpul 
Priority Interrupt Control 
Bi ·Directional Bus Dr ivel 
Clock Generator/Driver 

CPU'S 
Super500B 
SueerBOOS 

SR'S 
102JOynamIC 
He. 3ZBI T 
He. ·l0BIT 
51'lOvllamlC 
102~ Dvnamlc 
Oual256 Bl1 
Qual 512 BIT 
Oua~ 80 BIT 
102~ SialiC 
f llo 

$19 .95 8228 Sys lcm Conl roller· Bus Driver $10.95 
4.95 MC6800L 8 Bil MPU 35.00 

15.95 MC6820L Peripll . Interlace Adapler 15.00 
6.95 MC6810API 128 x B Sialic RAM 6.00 

10.95 MC6830L7 1024 x B Bil ROM 18.00 

2;9; 
1995 

5395 
700 
,"0 
2.49 
600 
395 
400 
30S 
;95 

RAM"S 

Panatronics 
LOGIC ANALYZER KIT 

• More than 60 db isolation 
• Switches 300 ohm to 

300 ohm 
• Switches 75 ohm 

10300 ohm 
• RF coax connecting cable 

(161t.) wilh RCA phono 
plyes 

33':1 
7JlS6iO 16 • ~ Reg 

69' 
J95 1702A 

5203 
82S::'3 
52S1lJ. 
7 ·: ~28; 

3601 
2708 
6301 ·1 
6330·1 
6331·1 

?OJ8 
20':8 
32 · 8 
32 , 8 
102,; 
256 ~ J 

8K 
102:1 
256 
256 

5995 95 
~~~~sc '~~ 1---....:..---------,;.;;..;.;;;.;;.----1 

AY·S·'OI3 
UART'S 

30K8aua 5595 ~;:l~;~!e ~~ CB MOBilE MONiTOR 
RUM 'S 

CMr Gell 
Char GCIl 
I02~ · Bl t PIOll ra'l1ma~lc 

GEMINI -58 

Standard 
4W' 

Boards · 
Oual22 
pin edge 
Connector 

NOT A 
KIT 

59.95 
1095 
19S 

Fast 3.95 
Eprom 3J95 
lu·5tateB!polar J. 49 
Open Calleelar Bipolar 295 
To·5tale8,po!ar 295 

The Unique Microprocessing System 

Fully 
Bu llered and 
Tristatab le 

Address and 
Data Buses 

FULLY 
ASSEMBLED 

STANO ALONE CPU BOARD - il~s 38·1 bytes 01 RAM on board . sel la l 110 (RS·232 ~11(I20 ma CUI ren t loop. 

cycle stealing direcl memory access (DMA), bUIlt In solt·war t - selectallie eCh(Hlo1Ck ~~a~IIi~~.cPU Boald \ $279.95 

• Off -on volume control 
• Internal mount antenna 
• 9-volt battery powered 
• Portable - attaches to visor 
• 23 ·Channel operation 
• Long range reception 

(Ballery nol included) 
Actual Size - 4" x 3" X 1V2 

• 811ghl6 D!!ll1lEO Qispla\' 
• TlITleslo 59mlnules 5959sec0n(15 
• Clystal Cofl\loliea lime Base 
• ThleeStopwalCi'leS 111 Ont 

TlmesSmgleEvent-Splll&TayIOI 
• Sile ~s ,,2 IS' 1 go" WI ounces) 
• UsesJ PenhleCtlis. 

Kit - S39 .95 
Assembled - 549.95 
Heavy Du ly Carry Case 55 .95 

" Hear the highway action" 

Stop Watch Chip Only (7205) 519.95 

$259.951--------------4 
$269.95 <D limeband 

Cpu BOARO - Same as above tlUI only has 128 bYles 01 RAM on board ·used WIth 8t< RAM board Iislea lIelew. 
Pan" GeminI 68 CPU Board 

aK RAM BOARD - Uses low oO Vo er SIalic RAMS . soans cycle time. I ;, Amps MaA 
Pall. Gcnunl 68RAM Board 

5K EPROM BOARD - Uses 520~ EPROM5 Ily AMI or NATIONAL Shlppea Wlin all decode and miscellaneous 
IC·s. except the 520~ EPROMS 

:'i'_~T"O' Fa.t~'d~~.na .... $I'~ICC':)O'~t"'" 

A. 0-2V DVM with Case $49.95 AIIowapproJ;lmalelyfOurweekS:~:;()~:;:~",68EPROM80ara 
~B_. _5_V_p_o_w_e_r~~~ ______ ~$_1_4 ._9~5~------------S-P-EC-IA-L-R-E-au-E-s-TE-D-IT-E-M-S-------------i 

DIGITAL ALARM CLOCK $16.95 
• 24-Hour Alarm 

$ 89.95 

6.75 8251\5 3341 6.95 
6.50 5M l 936B 395 VECTOR WIRING PENCil ~~~~~~~i744 1 6) ~ : ~ 

• " OOZE" Bullon ~. . 
• 100% Solid Siale . • _ 
• Large Red Led Display (.8" high) ., , 
• AM/PM Indicalor 2.70 MKS0240 MCH08l7 995 

1750 l1C90 lDl1Q,lOl11 2500lsel 
li.50 050026CII AY·5·9100 IiSOea 

!OO~~~~~hV;~'~~(~~~I:~!~! :!~;I~~I~~~!~ I~~r~,:~e!~e~c~~tll~I;~;~~I:,l,'t~:: ~~~~a~~~~I~~ ~~: ~~~~ 1; : 
n-oll bm onto cornponeru leads 0' lemlmals Installeo on ple llunC!lell P Panem CQ4059 995 

• Seconds Display at louch of button 
• SPECIFY BLACK OR IVORY ----

13 95 
VeclOlf)Ol1I Conllect lon~ IIctWefll [Ile I'o'rapoell\', lIeanl1 r.olllllOIl/'UlleMs (1;111501 <-"CO;.,40",' ;.0 ------"==--""""--"=---=;....="'----"=-1-------------------1 
Ifllmn.llS all' Illdde ll',' so/acllng Complele wl1h2SOfi 01 ttel · ... Ut $9.95 '-

REPLACEMENT WIRE - BOBBINS FOR WIRING PENCil 
W36·3·A.Pkg 3 250 II 36 !\wG GREEN $2.40 
W36·3·B·Pkg 3 25C IT 36 AWG REO $2.40 
W36·3·C·Pkg 3 250 It 36 AWG CLEAR $2.40 
W36·3·[)·Pk!1 3 250 It 36 AWG BLUE $2.40 

1/16 VECTOR BOARD 
;,-;:::- 0.1" Hote 5patin!l P·Pantm Pllee 

Palt Ho . L W 2·Up 

PhENOt lC 6JN·:062)..).~F 450 6SO 1 .2 1 5·1 
\69t·.:.10Z:Q )P "" riOO :.169 322 

EPO>Y 6·1P·:J062 ~ 50 650 20i 186 
GU'S~ ij ~P .: .l 062 ·: 50 850 "6 121 

t£!iP·' ·: 062 'SO l i OO 5 0': ~ 5J 
169P8 ~ 06? 850 l i DO 923 626 

EPO>Y Gt;.~~ 169P.l·:062C1 '50 11 00 680 612 - HEAT SINKS D 
205·CB 8Clylhmn COllper HCdl Slllk WIll! Black flrllS11 to. rO·5 S .25 

291 ·. J6H fllullIlnllll! 11M SI~~ tOI 10·220 T,anSIS'OIS t. n~GlIl,ill)l ~ $ .25 

51.60 

LI\"U~,."''''L ENCODER 19·KEY PAD 
. 1 · 0 
• ABCOEF 
• Return Key 
• Opl ionai Key I Period) 

• - Key 

63 KEY KEYBOARD 
.. .. ... , ., ! 

~. '"' . . " . , .. .. SUIts mOSl aoohCilhons 
t • • • • ~ .. . .. ' .... -.... -~. , -_ ..... $19.95 

H0016S 16 LINE TO FOUR BIT PARALLEL KEYBOARD ENCODER S1.9S 

JOYSTICK 
These joysticks lealure four" 
potenliornetels.thalvaryre 
sislance propOrlional to the 
anyleof Ihe slick . SlUrdyrnelat 
const ru ction with plastiCS 
components only althe mova
bleioin!. Per1ect lor electronic 
games andinstrumenlal ion . 

*5K Pots $6.95 
*100K Pots $7.95 

Integrated Circuits 
Applications & Experiments 

BUGBOOK I & II ·Basic COnCCplS olTIL Log ic-over90 
experiments S17.00 /s et 

BUGBOOK lIa • Introduces UART - recommended 
lor RTIY cnlhusiasl S5.00 /book 

BUGBOOK III · Explores 8080 chip - introduces 
Mark BO Microcompuler S15.00 /book 

555 TIMER APP LI CATIONS SOURCEBOOK WITH 

CONTINENTAL SPECIALTIES 
PROTO BOARD 6 

S15.95 
(6" long X 4" wide) 

Other CS Proto Boards 
PB100 ·4 .5" x 6" $ ·19 .95 
PB101 • 5.B" x 4.5" 29.95 
PB102 . r x 4.5" 39.95 
PB103 ·9" x 6" 59.95 ~---::~:::-:::-::~;';;';"i 
PB104 ·9.5" x 8" 79.95 
PB203 ·9.75 x 6V, x 2¥. 75.00 
PB203A . 9.75 x 6Y, x 2¥. 120.00 

aT PROTO STRIPS 
(IT type # holes price 
OT·59S 590 12.50 
01·598 bUSSlllp 250 

01,595 !mimI· OT·47S 470 1000 
.IIUili~m , O l 185 QT·HB lIusstllp 225 

OT·35$ 350 850 
. aT 59B OT '358 lIusstllp 200 

!...IIIIll, Oll2S or'las 180 '" OT· 125 · 120 J7S 

" "'·~l!!l!l .. "" . . or J7B · r~il1 · OT·85 80 3.25 

!l!!JIIWII!III" ,I ' 
;f; ~M j. 01 85 OT·75 70 300 

~ilP W11l~i~~ I ' or 355 

Comll icte kit 110m mounllng tlrackel 01 the 
'*"'lec tlonmoldetl C~Se down torne tnrcecon· 
nuclo ' ~ ower (01 (1 JOd all romponel1!s In 
(1,,111119 MM 53\J cloclo. cnlp featule~ QIIJI [/ 
.1(Cll1acy 01 01 Q

• s' ~ ell!} lt 35 lugh L[O 
dl'l)I •• V dml PC Boa.lls WOI~~ on any,2 
~Oll ~y~ !rm - mOl0 ' cvc!e~ !lOaiS 
mOIOIIIOIl1e. rlU!OS ,lfllltll S 

OIMfNSIONS .:0 l ).: 1 2 
12 01 2~ IiOUR MOOE 

, -. 1 : , ~ / 
IneJfiOO Is~ lowcos!algl!al dllc~ lIul 
IS a ~ elV hlgn Quallly unll Tile UlllllC,I ' JUleS ,I Slrllulaled walnul CJSe .... ,In II" 
rnensmnso16 ) 2'1 .1 l!ullhleSJ 
MAN 72hl{lhllugntllcsslea(loul andUlr " __ ~.~,-e~ 

"""$'1'7.95 115 VAC 

DIGITAL CLOCK KIT - 31f2 INCH DIGITS 
4 DIGIT KIT S49.95 
6 OIGIT KIT 569.95 

JE803 PROBE 

4 DIGIT ASSEMBLED 559.95 
6 DIGIT ASSEMBLED 579.95 

--r--~ 
rhe logic P.ooe IS a uOil whiCh IS 10' Ihe mOSl pall 
IIl(!eSoellStole to Ifouole snOOMg 109'C lolmlhes 
nl OTL ArL O.lOS It ar-lives thC POwe. II 

- - .. - ..... 1 

•• ""~.I\!O I.'II '"~, ", I or ·35B 
k"""',...,.,,-:-...:::::=:::;::;.::::::;,_....,:--::-~-:::--:-E~~=====~:=!_I ~eS~dS(lr'~w~~;'~i~ec~~~c;~~1l~!~~,' lll~~~~'::~~~3 

55.00 Minimum Ordel - U.S. Funds Only Spec Sheets • 25~ - Send 35~ Stamp for 1977A Catalog teOldout to m~lca l e .IIlY ot lIIe tollowlI1g St.lle~ Uy 

~. t---:! 

Caillornia Residenls - Add 6% Sa les Tal Dealer Discount Available - Request Prltlng :~~~ee ~~~~~~~C;~~~h\':~~~~~yOotl~~e~Sl~t.;:M:t~C $9,95 Per Kit 
o~~~t:j Ja~es "" ,,, ",,,,,"05',,,",,,,,,,,,,,,,,,,,,, pr inted eireui l 

~O~~~o.~ P L 5V 1A Supply 
tb.~*(. ~~;~~ ~~~~~: :~~ O;::v~:~~~!I~d ~~,~\~n~ ~~:: ~r;oa~~ 

1021-A HOWARD AVE., SAN CA RLOS, CA. 94070 VOIlS We try to ma~ e tnongs easy lor you by provelng 

PHONE ORDER S WElCOM E - (415) 592-8097 ~~~~~~~ngYDullcea$'"°9"'. 9"'5'''''P' e'"rcluaK'~I'ttnehal(lw'1(e 
All Advertised Prices Good Thru 



uter dis nal 
-~---.~---------------------... This display terminal has an integral controller, B/W cathode ray tube and keyboard. The system has a serial I/O interface 

for communication and an I/O interface for a printer 

DISPLAY (P/N 4802-1095-501) FEATURES: 
.17" B/W CRT 
.41 lines of data 

.52 characters per line 

• Characters are generated by a diode matrix "graphic" 
technique 

.21 special push-buttons wired for a program call up 

• B rightness Control 
• Self·contained power supply 

KEYBOARD (P/N 4802·1115·501) FEATURES : 

• Reed switch technology 
.54 data keys 
.28 special keys detachable with cable 

LOGIC UNIT (P/N 4802·1157·502) FEATURES: 

• 1024 by 6 bit core memory 

• Printer I/O interface 
• Communication I/O interface 

POWER : 115V, 50/60 Hz, 500 Watts 

WEIGHT: 210 Ibs. (including logic unit, keyboard, 

display and cables.) 

FOB LYNN MASS (you pay shipping) 
Check with order please. 

Here is a real deal in a PC module 6x5 sockets (30). List 
price over $50 each, most by AUGAT. Some pre·wired. 
New, unused boxed, 14 or 16 pin, 5 x 6 sockets. $15.00 
each or 2 for $25, state your choice 14 or 16 pin. 

IC Sockets, while they last ... 
8 Pin 10/$1.00 

14 Pin 10/$1.25 
16Pin 10/$1.50 
18 Pin 10/$1.75 
14 Pin IC connector 10/$1.25 

$180.00 
External logic & power pack not shown. "AS IS" 
4 way cursor control, graphics display. 

The story: These are unused terminals made for airport 
ticketing & seat assignment. After several years of 
storage they require tinkering to make operable. We have 
so me hints printed such as cleaning PC fingers. One of 
our customers has this tied into his KIM-1, another has 
his running with his IMSAI. We have data on this. 
Should be useab le on most common computers. A hell 
of a deal and all for a paltry $180.00. Don't be left out 
as many were on our past VIATRON deal. Sold "as is" 
all sales final. 

WITH COMPLETE DOCUMENTATION 

WIRE WRAP GUNS 

Used wi re wrap gu ns, rei eased due 
to factory closure. Various mfgrs, 
some I ngersol Rand, electric or air. 

No collets. State choice. 
Cost over $ 100.00 each 

Our price only $15.00 each. 

SOLAR CELLS 

shown actual size 

Designed for the space program, these are the highly 
efficient silicon high output cells. Used for powering 
equ ipment, charging batteries. Made by Ion Physics 
Corp. Each with spec sheet. 
Size .394 x .788" 65 mA, .43 V $1.2512/$12.00 
Size .788 x .788" 125 mA,.43 V $1.6012/$15.00 

Please add shipping cost on above. Minimum order $10 

FREE CATALOG SP·9 NOW READY 
P.O. Box 62, E. Lynn, Massachusetts 01904 



THE PROKO PTR-I I PAPER TAPE READER 

KIT ................. ..... .. 
To use the PTR·" ASSEMB LED ........ . 
Just connect to a standard parallel input port 

+5VDC • STROBE LINE 
GROUND WHICH CAN BE 

$54 
564 

EIGHT·TTL BUFFERED EITHER A PULSE 
DATA LINES OR A TTL LEVEL ---------------------. I 

I 
TOP QUALITY $28 

HEAVY 5VDC ~ 
DUTY @ 22A 
POWER I 
TRANSFORMER # 18 VDC I 
ffiR ~V I 
IMSAI / AL TAIR (Prom programming) I 

INCLUDE APPROX SH IPPING I 
LIMITED QUANTIT Y 20 LBS I 

--------------------~ the p'roko : 
~~I~C.kc~~i~~;s~~cO:t~e~% electronics shoppe I 
la x. All orders pos tpaid 439 marsh st. I 
~nr~~~. ~~~'e~ :~b~~~l' 10 san luis obispo, ca. 93401 I any parallel input port. Just supp ly a light source, grab the tape and pull! 

The Proko Paper T ape Reader: A manually operated reader, reads g·level paper tape into 

=::.=o~1:e~ ____ 8~<~~'!!.1 _______ '_ ______________________________ _ 

KITS BY (I C~O~TAl[MUS!C 
I 164 x 16 VIDEO BOARD Altair plug compatible display 
I 4Kx8 Sialic Memories 1 32 x 16 or 64 x 16 switch selectable. Composite and 
I MB·1 MK-8 board, 1 usec 2102 or eq PC Board. $221 parallel video ports. upper and lower case with software. I (NOT FOR S 100 BUSSI 1 Kit... . . '" $179.95 

. SA l fbi S 't h d dd 1 PC boord .................................. .. ........................ .... $35 I MB-2 ~Italr 8800 or 1M campa I e WI c e a ress I SP- l Synthesizer board. Comp~ter controled wave 

• JUST IN : ,.. 
2102AL·4 - FULL SPEED MEMORY (500ns) 

,.. 
,.. Nearly 1/3 Ie,s power consumption ,.. 

of even a 21 L02A 

* 2.00 EACH 32 FOR 1.80 EACH ,.. I and walt cycles. PC Board ..... $25 I forms 9 octaves 1 vrms W% distortion includes high -----------------------4 MB-4 Improved MB-2 designed for 8K "piggy-back" I level music language. 
82S06 2.00 82S126 3.50 74C200 5.50 without cutt ing traces. PC Board .. . ........ $30 1 KIL ...................... .... ............................................. 5250. 
82S07 2.00 82S 129 .3.50 8573 4.50 K't 4K 5 $ 9 . 1 Altair compatable mother board . Room for 15 connec 
82S11 2.00 82S130 3.95 8574 5.50 I. usec .. ... 129. 5 Kit 8K .5 usec .... . S199

1 
tors 11" x 11 \\,' (w/o connectors) ..... ,. $45 

82S12 2.00 82S131 3.95 8575 4.50 MB-3 1702A's Eroms, Altair 8BOO & Imsai 8080 cO<>lpat-
1 

With 15 connectors ...... $110.00 
82S17 2.00 74S206 2.10 8576 4.50 ibl e Sw itched address & wait cyc les. 2K may be ex- . 
82S23 2.50 74S412 4.00 8577 3.50 I panded to 4K. Kit less Proms ..... $65 2K Kit.. ... $1451 Altair extender board (w/o connectorsl ..... $9 .50 
82S123 300 74S301 350 8578 400 4K Kit.. .... $225 J With wlw connector ....... $13.50 . • ______________________ 1 J100 Pin spec WW or So ldertall both fit IMSAI or SSM 

I MB-6 PC Bd .................... . ...... .......... .............. ...... .. . 535 Mother Bd $5.00 ea 101$44 7400 .16 7473 .35 74164 1.10 

I MB-6A 8Kx8 Switched address and wait assignments .I-r-,;;;;S--------------;;5~0-
I Memory protection is switch able lor 256, 512, 1K. 2K. 4K 1 1702A' EROM $10.00 
I and 81t 91 L02A .5 usec rams, Altair 8800 & IMSAII 'programming send hex list 5.00 
I compatible. With battery power option 1 AY5-1013UART $6.95 
I Kit.. ..... $250 Assembled & tested ..... $290 1 2513 prime spec. upper or 
II/O Boards 1 lowercase 11.00 
1110-2 I/O for 8800, 2 ports, committed pads for 3 more, 1 8080AprimeCPU 25.00 
I 1 8212prime latch buffer 4.00 
lather pads for EROMS UART, etc. 1 8224primeclockgen 5.00 
I Kit ...... ...... $47.50 PC Board only .......... $25 1 8228primesyscontroller 8.90 

r-----------------------------------------

7401 .16 7474 .35 74165 1.10 
7402 .21 7475 .50 74166 1.25 
7403 .16 7476 .30 741 70 2.10 
1404 .18 7480 .50 74173 1.50 
7405 .24 7483 .70 74174 1.95 
7406 .20 7485 .90 74175 .95 
7407 .29 7486 .40 74176 .90 
7408 .25 7489 2.00 74177 .90 
7409 .25 7490 .45 74 179 .90 
7410 .18 7491 .75 74 180 .90 
741 1 .30 7492 .50 74181 2.50 
7413 .45 7493 .50 74 182 .95 
7414 .70 7494 .80 74 184 1.95 
7416 .35 7495 .75 74 185 2.20 MM1402A 1.90 2501B $1 .25 1101 1.25 74LSOO .40 74LOO .25 74L78 .90 
7417 .35 7496 .90 74 190 1. 15 MM1404A 1.90 2503V 2.00 1103 1.25 74LS01 .50 74L01 .25 74L85 1.40 
7420 .20 74 100 1.00 74191 1.25 MM5006A 1.50 2504V 2.00 2101 4.50 74LS02 .40 74L02 .25 74LB6 .75 

MM5013 2.50 2505K 2.00 2111-1 4.50 74LS03 .40 74L03 .25 74LB9 3.50 
MM5015A 1.50 2507V 1.25 2112 4.50 74LS04 .45 74L04 .30 74L90 1.50 
MM5016 1.50 2509A 2.00 2602 1.60 74LS05 .45 74L05 .40 74L91 1.50 
MM5017 1.90 2510A 2.00 4002-1 7.50 74LS10 .40 74L06 .30 74L93 1.70 
MM5025 2.50 2511A 2.80 4002-2 7.50 74LS11 .50 74L08 .40 74L95 1.70 
MM5026 2.50 2517V 1.25 MM5260 1.00 74LS12 .55 74L09 .40 74L98 2.80 
MM5027 2.80 2518B 1.50 MM5261 1.00 74LS20 .40 74L 10 .30 74L 123 1.50 
MM5053 1.50 2519B 2.80 MM5262 1.00 74LS22 .45 74L20 .35 74L 154 2.00 

7423 .37 74 107 .40 74 192 .90 
7425 .30 74 109 .90 74193 .90 
7426 .30 741 21 .40 74 194 1.25 
7427 .35 74122 .50 74195 .75 
7430 .25 74123 .70 74196 1.25 
7432 .30 74125 .60 74 197 .90 
7437 .27 74126 .60 74198 1.75 
7438 .27 741 32 1.00 74199 1.75 
7440 .15 7414 1 1.15 74200 4.95 
7441 .85 74145 1.15 7425 1 1.75 MM5054 1.90 2521V 1.50 7489 2. 00 74LS27 .45 74L26 .40 74L 164 2.50 
7442 .60 74 147 2.35 74284 4.95 MM5055 1.90 2522V 2.00 74200 4.95 74LS30 .40 74L30 .40 74L 165 2.50 

MM5056 2.80 2525V 2.80 74S89 3.50 74LS42 1.50 · 74L32 .45 74L 192 1.25 
MM5057 2.80 2527V 2.80 74C89 3.50 74LS55 .40 74L421.50 74L193 1.20 
MM5058 3.50 2528V 2.80 74L89 3.50 74LS73 .65 74L51 .35 MC4044 2.25 
MM5320 5.95 2529V 2.80 8223 2.50 74LS74 .65 74L54 .45 N8264 3.50 
MM5554 1.90 2532B 2.80 2.4576 MHZ 74LS76 .65 74L55 .35 N8263 3.50 
MM5555 2.50 2533V 2.80 Crystal 8.95 74LS151 1.55 74L71 .30 N8826 2.50 
MM5556 2.50 91L02APC 2.55 74LS174 2.20 74L73 .55 DM8131 2.50 

7443 .75 74148 2.00 74285 4.95 
7444 .75 74 150 1.00 74365 .90 
7445 .75 74151 .80 74367 .75 
7446 .80 74153 90 7436B .90 
7447 .70 741 54 1.00 MH0025 2.50 
7448 .80 74 155 1.00 MH0026 2.95 
7450 .25 74 156 1.00 95H90 995 
7451 .25 74 157 1.00 2102- 1 1.65 
7453 .25 74 160 1.25 32 50.00 32 each 2.40 74LS175 1.95 ' 74L74 .55 8T37 2.50 
7454 .20 74161 1.00 64 96.00 64 each 2.25 74LS192 2.85 74L75 1.20 8Tl0 2.00 
7460 20 74 162 1.50 1488 1.50 1------------------------------------------7470 .45 74163 1.00 1489 1.50 I 
7472 .40 I -----------------------. MIKOS 

For large orders please send money order or cash
iers check to avoid delays in waiting lor checks to 
clear. 

90 Day Guarantee on SSM Products. Kits MB-2, MB-3 
(2K OR 4KI. MB-4. MB-6. 10-2 video board and mother 
board with con nectors may be combined for a d iscou nt of 
10% in quantities of 10 o r more. This supercedes the flier 
of 13 Sept . 1976. 

419 Portofino Dr
San Carlos, Ca, 94070 

Please send for xis lor, Ie & kit Ibl 

Check or money orderonJy. Calif. resident 6%tax. 
All orders postpaid in U.S. A ll devices tested prior to 
sale. Money back 30 day guarantee. Sorry we can 
not accept returned IC's thaI have been soldered to. 
$10 min. order. Prices subject 10 change withou t 
notice. 

Thinly disguised affi li ates of KO Electronics and Surp lus, S.L.O., CA 93401 



S.D. SALES CO. P.O.BOX28810-0 DALLAS, TEXAS 75228 

JUMBO LED CAR CLOCK 

~16.95 

~~ ::,m o::o~ -$150 
AC XFMR - $1.50 

THIS MONTH'S SPECIALS 
AMD - 8080A $14.95 
Z·80 CPU 49.95 
82S129 1 K PROM 2.50 

60 HZ CRYSTAL TIME BASE 
S.D. SALES EXCLUSIVE! 

$5.95 ea. '2/$'\0.00 
KIT FEATURES: 

THE HOTTEST SELLING KIT WE EVER PRODUCED! 
You requested it! Our first D.C. operated clock kit. Professionally 
engineered from scratch. Not a makeshift kluge as sold by others. 
Features: 
A. Bowmar Jumbo -.5 inch LED array. C\...OC\<' 
B. MOSTEK - 50250 - Super Clock Chip. 1"\Sf-\t.O Cp.~~01" 
C. On board precision crystal time base . ..:.O,OOC~ \SS~~~~~O~G\ 
D. 12 or 24 Hr. Real Time Format. ~ v ,\ 'II,,£' \" 

E. Perfect for cars, boats, vans, etc. \<.\1" £,t. 
F. P.C. Board and all parts (less case) included. 

1702A 2K EPROM 
We tell it like It Is. We could have said 
these were factory new, but here Is the 
straight scoop. We bought a load of 
new computer gear that contained 
a quantity of 1702 A's in sockets. We 
carefully removed the parts, verified 
their quality, and are offering them 
on one heck of a dea l. First come, 
first served. Satisfaction guaranteed! 
U.V. Eraseable. $6.95 ea . 4/$25 

UP YOUR COMPUTERI 
21 L02·1 1 K LOW POWER 500 NS 

STATIC RAM Time is of the essence! 
And so Is power. Not only are our 
RAM's faster than a speeding bullet 
but they are now very low power. 
We are pleased to offer prime new 
21L02- 1 low power and super fast 
RAM's. Allows you to STRETCH 
your power supply farther and at the 
same time keep the walt light off. 

8 for $12.95 

A. 60HZ output with accuracy comparable to a digi · 
S.D. SALES EXCLUSIVE 

$12.95 MOS6DIGITUP-DOWNCOUNTER $12.95 
tal watch. 

B. Directly interfaces with all MOS clock chips. 
C. Super low power consumption (1.5 MA typ.) 
D. Uses latest MOS 17 stage divider IC. 
E. Eliminates forever the problem of AC line glitches. 
F. Perfect for cars, boats, campers, or even for port· 

able clocks at ham field days. 
G. Small size; can be used in existing enclosures. 
Kit includes Crystal, Driver IC, PC board, plus all necessary 
parts and specs. At last count - over 20,000 sold! 

1000 MFD 
Filter Caps 

Rated 35 WVOC 
Upright style 
with PC leads. 
Most popular 
value for hobby· 
ists. Compare at 
up to $1.19 ea. 
from franchise 
type electronic 
parts stores. S .D. 
SpeCial 4/$1. 

Slide Switch 
Assortment 

Our best seller. 
I ncludes mini
ature and stan
dard sizesj Sin
gle and multi
positio nun its. 
All new, first 
name brand . Try 
one package and 
you'll reorder 
more! Special 

12/$1.00 

RESISTOR 
ASSORTMENT 

'/,W 5 % & 10% 
PC leads. A good 
mi x of values. 

200/$2. 

40 PI N 01 P. Everything you ever wanted in a counter chip. 
Features: Direct LED segment drive, single power supply (12 
VDC TYPE .), six decades up/down pre-Ioadable counter, 
separate pre-Ioadable compare register with compare out
put, BC 0 and seven segment outputs, Internal scan oscilla
tor, CMOS compatible, leading zero blanking. IMHZ. count 
input frequency. Very limited quantity! WITH DATA SHEET 

740o-19c 7411-29c 7451-19c 
74LSOo-49c7413-50c 7453-19c 
7402-19c 7416-69c 7473-39c 
74LS02-49c 742o-19c 7474-35c 
7404-19c 7430-19c 74LS74-59c 
74L04-29c 7432-34c 7475-69c 
74S04~44c 7437-39c 7476-35c 
74LS04-49c 7438-39c 7480-49c 
7406-29c 744o-19c 7483-95c 
7408-19c 7447-85c 7485-95c 
7410-19c 7448- 85c 7486-45c 
TTL INTEGRATED CIRCUITS 

7490-65c 74153-75c 
74LS9O-95c 74154-1.00 
7492-75c 74157-75c 
7493-69c 74161-95c 
7495-75c 74164·1.10 
7496-89c 74165-1.10 
74121-38c 74174-95c 
74123-65c 74181-2.50 
74132-1.70 74191-1.25 
745138-1.9574192-1.25 
74141-75c 74193-1.00 

74195-69c 

Disc Cap 
Assortment 

P.C. LEAD 
DIODES 

IN4148/1N914 
100/$2 .00 

1N4002-1A. 
100 PIV 40/$1. 

HEAVY DUTY 
Full Wave Bridge 

PC leads. At 
least 10 different 
values. Includes 
.001, .01, .05, 
plus other stan
dard values. ~ 

25 AMP 50 PIV 
$1.25 

60/$1.00 . p_ 

$9.95 KIT SIX DIGIT ALARM CLOCK KIT 

P.C. Board - 3.00 
AC XFMR - 1.50 

Do not confuse with Non·Alarm 
kits sold by our competition! 

Eliminate the hassle -
avoid the 5314! 

We made a fantastic kit even better. Redesigned to take ad\(antage of the 
latest advances in I.C. clock technology. Features: Litronix Dual %" 
displays, Mostek 50250 super clock chip, single I.C. segment driver, SCR 
digit drivers. Greatly simplified construction. More reliable and easier to 
build. Kit includes all necessary parts (except case). P.C.B. or XFM R 
optional. NEW! WITH JUMBO LED READOUTS! 

Motorola SCR 
2N4443. 8 AMP 400 PIV. 
P.C. Leads 3/$1. 

FAIRCHILD· TBA 641 
4W. Audio power Amp. Just 
out! I n special heat sink 
DIP. One super audio IC. 

$1.50 with data 

FND-359 -Led Readout 

$15.95 
COMPUTER POWER SUPPLY 

A very fortunate purchase . One of the best industrial quality R EG
ULATED supplies we have seen. High performance, small size. 
Input is 120 VAC 60 HZ . Has the following regulated outputs: 
-5VDC@800MA; -15VDC @ 1.25 AMP; -25VDC @ 180 MA. 
Sold at a fraction of original cost. Do yourself a favor and order 
NOW. We expect a quick sellout. 

NEXT MONTH: 
S.D. will have music for your ears. Watch our ads. 

For your Imsai or Altair 8080 Computer: .4 IN. Common Cathode. 
High effeciency. Has FND-
70 PIN OUT. 59c 

Z-80 CPU Kit - $149. 4K Low P-ower Ram Kit - $89.95 

OUR CATALOG 
is chocked full of rare parts Terms: Money back guarantee. 
bargains, deals, RAM or CPU No COD. Texas residents add 
kits, plus much more. Yours 5% sales tax. Add 5% of order 

FREE! for postage & handling. Or-
1--------------; ders under $10. add 75c. 

PRICES SHOWN SUBJECT Foreign orders : US funds 
TO CHANGE WITHOUT only! 

NOTICE. 

Call your Bankamericard or 
Master Charge order in on our 
continental United States 
toll free Watts : 

1-800-527 -3460 
Texas Residents Call Collect: 

214/271-0022 

Special Thanks to: 
Dennis, Fred, Abe, Bill, Sam, 
Hal, Tom, Alex, John, Ely, 

and Larry 

S.D. SALES CO. A 
P. O. BOX 28810~ 

Dallas, Texas 75228 

ORDERS OVER $15.00 - CHOOSE $1.00 FREE MERCHANDISE 



270B-PROM S55.00 
2522 STATIC SHIFT RE6. SI .95 
25 18-HEX 32 BIT SR S3.50 
2 102·1 1024 BT RAM S1.80 
5280·IIK DYNAM IC RAM . . .. $10.50 
5202A UV PROM . _ $ 10.50 
MM5203 UV PROM . $10.50 
1702A U V PROM . . ....... $10.75 
5204·4K PROM. . ...... $18.95 
M IN IATURE MULTI -TURN T RI M. POTS 
100.500. 2K. 10K. l OOK. 200K. 1 Meg. 
S.75 each ...... . ........ . 3/52.00 
MULTI·TURN TRIM POTSSimitar to Bourns 
3010 sl yle 3/16"x5/S"x l ·1 /4" ; 50, 100 . 
l K. l0K,50 Kohms 
51.50 ea. . . . . . . . . . . . . .3/54.00 
LI GHT AC TI VATED seR's 
TO·18,20DV lA. . S 1.75 

TRANSISTOR SPECIALS 
2N3585 NPN Si TO·66 . S .95 
2N3772 NPN 5i TO-3 .... S 1.60 
2N456A PNPGE . S .75 
2N4908 PNP Si TO-3 . S 1.00 
2N6056 NPN 5i TO·3 Darl ington . S 1.70 
2N5086 PNP S; TO·92 .. 4/5 1.00 
2N4898 PNP TO-66 . . . . . $ .60 
2N404 PNP GE TO·5 5/$ 1.00 
2N39 19 NPN Si TO·3 RF ..... S 1.50 
MPSA 13 NPN S; TO-92 ... 3/$ 1.00 
2N3767 NPN S; TO-66 . . ... $ .70 
2N2222 NPN S; TO-18. . . 5/$ 1.00 
2N3055 NPN S; TO·3 .. $ .80 
2N3904 NPN S; TO·92 . . 5/5 1.00 
2N3906 PNP Si TO·92 ....... 5/S 1.00 
2N5296 NPN Si TO-220 ... ... . S .50 
2N6109 PNP S; TO-220 ........ 5 .55 
2N3638 PNP Si TO·S . .5/5 1.00 
2N651 7 NPN TO·92 S; .. _ .... 3/5 1.00 

C/MOS (DIODE CLAMPED) 
74C02 - .22 4015- .95 4035 - 1.10 
74C l0- .22 4016- AD 4042 - .78 
74C193·1.50 4017 - 1.05 404 7- 2.00 
4001 - .22 4018- 1.00 4049- .40 
4002- .22 4019 - .25 4050- .40 
4006- 1.20 4020- 1.05 4055 - 1 .50 
4007- .22 4022- .95 4066- .80 
4009- .42 4023- .22 4071 - .22 
40 10- .42 4024- .75 4076- .70 
40 11 - .22 4027- .40 4081 - .22 
40 12- .22 4028- .88 4520- 1.15 
4013- .40 4029- 1.10 

4030- .22 

LED READOUTS 
FND 500-.5" C.C. 
HP 7740-,3" C.C. 
MAN-7-.3" C.A. 
NS 33-3 di~l. array 
DL 747 

S1.75 
$1.40 

.. 51.25 
. $1.35 

.. . 52.50 

What more 
could 

you ask for? 

2N 3820 P FET . $ .45 
2N 5457 N FET . $ .45 
T IS 43 UJT .............. $ .35 
ER 900 TR IGGER DIODES 4/ $1 .00 
2N 6028 PROG. UJT . 5 .65 
8 PIN DIP SOCKETS . . ...... $ .24 
14 PIN OIP 50CKETS . . . $ .25 
16 PIN OIP SOCKETS ... $ .28 
18PIN OIPSOCKETS ... 5.30 
24 PIN OIP SOCKETS. 5 .40 
40 PIN OIP SOCKETS. .. . ... 5 .60 

VEAiPAX PC BOARD 
Th is board is a 1/16" sill!) IC sided paper epoxy 
board, 4 ~"x6 Y:t " DR I LLED <lnd ETC H ED 
which will hold up to 21 si n~le 14 pin IC's 
or 8, 16, or L SI D IP IC's with busses for 
power supply connector. . .. 54.00 
MV 569 1 Y ELLOW-GREEN 

BIPOLAR L ED .. ...... ... $1.25 
FP 100 PHOTO T RA NS . S .50 
REO. YELLOW. GREEN OR 

AMBER LARGE LED's en. $ .20 
MOLEX PIN5 ...... 100/$ 1.00 

1000/57.50 
10 WATT ZE NERS 3.9. 4.7. 5.6. 8 .2. 

18,22, 100,150 or ;WOV " ct!. S .60 
1 WATT ZENERS 4.7, 5.6, 10, 12, 15, 

18 OR 22V . ct!. $ .25 
MC6860 MODEM CHIP. . $13.00 

Silicon Power Rectifiers 
PRV l A 3A 12A 50A 125A 

100 .06 .14 .30-' .80- 3.70 
~~ _ ._35 __ 1.!,.15 - 4.25-
400 .09 .25 ,50 1.40 6.50 
600 .11 ,30 .70 ! .80 8 .50 
BOO .15 ~35 .90 2 .30 10.50 

1000 .20 .45 1.10 2.75 12.50 

SILICON SOLAR CELLS 
2%" diameter 

.4V at 500 rna. '" $4.00 ea., 6/$22.50 
REGULATED MODULAR 

POWER SUPPLIES 
+ - 15 VDC AT 1000w 

115VAC INPUT. . .. 527.95 
5VDC AT 1 A. 11 ~iVAC INPUT . 524.95' 

Send 25t for our catal og featurinH 
Trans istors and Rect i f iers 

145 Hampshire St., Cambridge, Mass. 

6.8UF 35V 3/ 5 1.00 
22UF 35V S .40 
33UF 35V S AO 
.10Ue 6V 5/51.00 
100UF 35V $ .50 
150UF 15V S .50 

MJOO I ALARM CLOCK CH IP . 

NATIONAL MOS DEVICES 
MM 1402- 1.75 
MM1 403- 1.75 
MM 1404 - 1.75 
MM5013 - 2.50 
MM5016- 2.50 
MM5017- 2.70 
MM5055- 2.25 
MM5056- 2.25 MM5260- I. 

7400- .15 7442- .52 
7401 - .1 5 7445 - .70 
7402- .15 7446- .70 
7403 - .15 7447- .70 
7404- .20 7448- .70 
7405- .20 7450- .20 
7406- .25 7472- .33 
7407 - .25 7473- .35 
7408- .25 7474 - .35 
7409- .2 1 7475- .49 
7410- .15 7476- .35 
74 11 - .2 0 7480 - .35 
74 12- .20 7483- .70 
74 13- .45 7485- .88 
74 14 - .70 7486 - .30 
74 16 - .25 7489- 1.85 
7417 - .2 5 7490- .45 
7420- .20 7491 - .70 
7425- .28 7492- .50 
7426- .25 7493- .45 
7427 - .30 7494- .70 
7430- .20 7495- .70 
7432 - .25 7496- .70 
7437 - .25 74107 - .32 
7438- .25 74 121- .38 
7440- .16 74123- .65 
744 1- .85 74125- .40 

74126- .40 
74151 - .70 
74 153- .65 
74154 - 1.10 
74 155- .70 
74 157- .70 
74 16 1- .85 
74164 - .95 
74 165- 1.05 
741 73- 1.40 
74174- .95 
74175- .92 
74176- .75 
74177 - .79 
74180 .70 
74181- 2.10 
74190- 1.20 
74191- 1.20 
74192- .85 
74193- .85 
74194- .85 
74 195- . 75 
74196- .88 
74257- 1.25 
74279- .90 
75324 - 1.75 
75491 - _65 
75492- 65 

MINIATURE DIP SWITCHES 
CTS-20G-4 Fo ur SPST switc hes 

in o ne rninidip packauc. 5 1.75 

CTS·206·8 Eight SPST switches in il 16 
pin D IP pack<lgc . $1.95 

AY-S· l013·A30K ser./pnr ., par./scr., UIlI-

versa ! UART. 56.95 

ALeo M IN IATURE TOGGLE SWITCHES 
MTA 106 SPOT . . ... $1.20 
MT A 206 OPDT . . $1.70 

5i 1010 10 WATTS 
5i 1020 G 20 WATTS. 
5i 1050 G 50 WATT5, 

• 

CCD 110 LINEAR 256 XI BIT SE L F 
SCANN If\iG CHAR GED COUPLED 
DEVICE .. ..... $99.00 

CCD 20 1 - 100 x 100 CHARGE 
COUPLED OEVICE 5 135.00 

LINEAR CIRCUITS 
LM307 - OP. Amp. . . . . . . .. . . . S .30 
LM 309K 5V lA Rf.:.GULAT O R S .95 
723 - 40 + 40VV REGULATOR. S .50 
3011748-Hi Per . Op. Amp. . $ .31 
320T5,12, 15,0124VNEGREG 5 1.25 
709C Op. Amu. 3 .31 
741 A or 74 1 COP A MP. S .3 1 
710 COMPARATOR 5 .35 
CA 3047 Hi Pef. Op. Amp .. _ .. . .. ~ ,95 
340T 5. 6.8. 12.15.18. 24V POS 

REG. TO-220 
101 OPER. AMP. HI PERFORM, 
LM 308 Opel'. Amp., Low Power 
747 - DUAL 741 
556 - DUA L T IMER 
537 - PRECISION OP. AMP .. 
L M 3900 - QUAO OP. AMP 
LM 324 - OUAD 741 
560 - PHAS E LOCK LOOP 
561 - PHA SE LOCK LOOP 
565 - PHASE LOCK LOOP 
566 FUNCTION GEN .. 
567 - TONE DECODER 
LM 1310N FM STEREO DEMOD. 
8038 IC VOLTAGE CO NT. 05C. 
LM 370 - AGC SQUELCH AMP . 
555 - 2/-ls - 2 HR. TIM ER, 
553 QUAD TI MER 
FCO 810 OPTO·ISOLATOR 
1458 DUAL OP AMP. 

SUO 
S 75 
S .95 
S .65 
51.00 
51 70 
S .49 
S1.50 
S2.00 
52.00 

. S1.25 
51.65 
S1.50 
52.75 
S3.90 
51. 15 
S .45 
52.50 
5 .80 
S .60 

LM 380 - 2W AUD IO AMP. S .95 
LM 377 - 2W Stereo Audio Amp, $2,50 
L M 381 - STEREO PREAMP. S1.50 
LM 382 - DUAL AUDIO PREAMP S'\.SO 
LM 31 I - H I PER. COMPARATOR S .90 
L M 319 - Dual Hi Speed Camp. $1.25 
LM 339 - OUAO COMPARATOR S1.50 

TRIACS seR'S 
PRV l A lOA 25A L5A 6A 35A 

100 .40 .70 LJO .40 _50 1.20 
200 .70 1.10 1.75 _60 _70 1.60 
400 1.10 1.60 2.60 1.00 1.20 2.20 
600 1.70 2.30 3.60 1.50 3.00 

Terms: FOB C.mblldge,M.... ,~, SOLID STATE SALES WE SHIP OVER 95% 
~~~d~h;~~t~~~~I~y~~r. P.o. BOX 74B OF OUR ORDERS THE 
OrderS5.oo, COD'S 520.00 SOMERVILLE, MASS. 02143 TEL. (617) 547.4005 DAY WE RECEIVE THEM 



• A cc\JI.~,! · .!: 0.05% ot RCildll1!1 .! 1 Count 
• T .... o Voltayc R ;11I 9C~ : 1.999 V and 199.9 mV 
• UIlIO 25 Con~l!r~,on~/ s 
• Z,n ;' 1000 M Ohm 
• AulO Polan ly and Auto·Zero 
• SUlIJle Pos't lve Vol lolge Re/c' cl1ct.:' 
• Slantla,d a ·Sel,es CMOS OUI,IU1 S- 0' lwcs One Low Po we, 

Schonky Load 
• Us~s On ·Ch,p System Clock. 0' E)tlernal Clock 
• Low Power COllsumpt,on : 8 .0 mW typical@ 1. 5.0V 
• \\I ,de SUpply Ranye e .g .. .!. 4 5 V to .!:B.O V 

MCI4433 SINGLE CHIP 3, DIG IT AID 
Single chip combines linea r a nd CMOS digital to br ing you 
the simpl est yet DVM approach . Requiring onl y 4 externa l 
pass ive ports , th is subsys tem gives you: Auto polarity, au to 
zero, sing le vol tage reference, 8 mW ope ra ti on , overrange, 
underra nge sig na ls, 25 convers ions pe r second a nd .05% ± 
1 count accuracy! 100 uV reso luti on. 24 Pin 0 1 P. 
MCI 4433P •..•• • .••. . wa h specs .•. • .• . •.••••..• 519 .55 

A8R-33 
KEYBOARD 

These are BRAND NEVV keyboards from one of the 
notions largest swi tch and keyboard manufacturers
not surplus . A specia l arrangement with the maker 
al lows us to bring you th ese qua lity keyboards at 
less tha n O .E .M. cost. Ava il able in a ny quantity, 
yo u can desig n them into your eq uipment a nd be 
sure of cont inued source. Indi vidual keys can be 
eas ily replaced if damaged - you won't wear them 
out!1 --
MODEL 2129007 KB • .••... . ..... .. ..•.... 574.95 

CMOS key encoders prov ide al l the necessa ry log ic to 
fully encode an array of SPST switches. O n chi p asc-
i Il a tor for scan or use with external clock source. Out
put is bina ry and is low power TTL compa ti b le. Keybou nce 
e limination wi th sing le capaci tor. Memory ho lds las t key 
depressed . Operates on 3 to 15 vo lts. 2-key ro llover. 
MM74C922N ... . .. 16 key encoder .... . ......•••. S6.35 
74C923N 20 keyboord . .• . •••.• . .. . .. . .•. ... • 56.50 

UNIVERSAL TI M ER I. e. 
A un iversa l time r can be used fo r a stopwatch, kit
chen time r, oven ti me r, event timer/ coun ter, rall y ti mer
____ . 7 fun ctions, two counters , internal comparators, on 
ch ip osci ll a tor . Memory for rall y with tota l e lapsed time . 
Can be coscaded ---selec tab le resolution--cau nt up o r down 
---selectab le modu lo for t im~ or event count . OpefClte on 
7 to 20 vo lts at about 7mA . · 
MM5865N ..•.•...•..•.......• .• . ... ..•• . . . ..•.• SS.75 
Specs and app licati ons .. . ....... . .. .... ....... . .. 60c 

MIL RANGE 5V REGULAT§R. 
Wont 0 littl e be tt er performance from your 5V supply? 
LM140K in TO -3 from contract concel la ti on brings you 
a superior port a t the pri c~ of plastic regu la tor. 
LMI 40K ... • ..... ... . . .•••• • .. •.... . • .. . • . . ..••.. 51. 95 

LMI SS9 TV VID EO MODULATOR 
The LM1889 is des igned to interface audio, co lor difference , 
and luminance signa ls ' th the an tenna termina ls of a TV re 
ce ive r. It consists of ~ sound subcorri er osc illator, ch romo 
subcarri er asc i Il otor, quodroture chromo modulators, and R. F 
osc illators a nd modulators for two low-VHF channels. 
The LM1889 allows video informat ion from VTR's , games, 
test equi pment, or simi lor sources to be displayed on b lock 
and white or color TV rece ivers . 
LM1889 with 16 pages of data 59 . 95, data on ly, 51. 00 

DATA BOOKS BY NATIONAL 
DIGI TAl. Covers TTL, DTL, Tri State , e lc ..••... S3.95 
LI NEAR. Cove rs amp lifiers: pre-amps, op- a mps • •• S4.25 
LiNEAR APPLICATI ONS VOLUME I . Dozens of 
app lica ti on notes and technical briefs covering the 
use of op- amps, regu la tors , phose locked loops and 
aud io amps ..•. .. . • • •• •• . • ..• ••..•. . •..••..• . •. $3.25 
LINEAR APPLI CATI ONS VOLUME II. Tokes up where 
Volume I left you--AII the latest linear devices. 
Along with Vo l I you ha ve a g reat source of app
lica ti on do ta on the most widely used devices as we ll 
as new types just appear ing .. ............. . . . ... $3.25 
CMOS Gates, Flip Flops, registers, e tc . .• ..... $3.00 
VC5LTAGE REGU LATORS. A must fo r a nyone ma king 
o power supp ly. Comp le te theory includ ing transform
ers, filters , heat sinks, reg ulators e tc •.••• ... • .• $3.00 
MEMORY. Infa on MOS and Bipo la r memor ies, RAMS 
ROMS. PROMS and decoder/ e ncoders .•... . • .•.. S3. 95 
INT ERFACE. Covers periphera l dr ive rs, leve l tra ns
lators, line dri ver/ rece ivers , memory and clock dri vers, 
sense amps, display dri ver and op to- couplers • . • • . S3.95 
SPECIAL FUNCT IONS DATA BOOK. Conto;ns de
tail ed in forma tion for spec i fy ing and app lying specia l 
a mpli fiers, buffe rs, c lock dr ive rs, a nal og swi tches and 
0 / A- A/D convert er products . . . ...... .. . . ...... 53.25 
AUDIO HANDBOOK Contai ns detoi led d iscuss io{ls, 
including compl ete design par ti culars , covering many 
a reas of aud io with rea l wo rl d des ign examp les ••• $3 . 25 
- --- - - - - - --- - - --- --SPEC I A L ---- --- - --- - - - -- -- ---
DATA BOOKSHELF . Buy all te n of the Notiono l Dolo 
books at one time and save $5 . 10 !!! •.•. .. .••• 530.00 
(Al l books shipped ppd in US only . Fore ign orders 
please odd shipp ing for 1.5 Ibs pe r bO:Jk) 

ffi~[? [fillJClll 
5ayg 

l Im one yea r o ld thi s month go inl on two _ the 
fo lks a t Tri-Tek will be bringing you Full g rowed 
va lues in e lectronic ports and the lates t in books 
a nd do ta. 

They' ve been doin it fo r six yea rs now----____ _ 

cOS-M~'S 
BACK! 

CDPIS02 COS MAC IS BACK IN STOCK I !!! !!!! ! 
The fam ous a nd very popula r 1802 is he re again afte r a 
long dry spe ll. This is the lit t le 8 bi t CMOS micro
processor which so ld ou t on our fi rst offering. 
Special AMP' L AN NY b irthday pr ice of 522.95 for the 
monlh o f APR IL on ly! ! 
CDPI S02 . .. . .... ....•......•... .•.•...•• ... .•. S29 .95 
CDPI S52 ... . . •• ...• •• Po rolle l odopter . •. .....•. 115.95 

CDPI S2 1 SCD .... • ... .•• .•...... . . ...•. ... .. . . S24.62 
CDPIS22SCD . .• .. . ••••.. . •• .. . • . .••• . •..• . •.• S25 .SO 
CDPI S24CD . •.•.•..••.• .. •• .... ...• .. •. . • . . . . 51 3.35 

SNAP CLIPLITE 

COMBINATION LENS AND 
MOUNTING DEVICE FOR 

T ,3/4 LED 

REQUIRES 
NO TOOLS 

0t~ 
) INSERT LED 

AVAILABLE IN TRANSPARENT RED· GREEN · AMBER · CLEAR & YElLOW 

CLiPlITE 
Combina ti on lens and mounting dev ice for T 1- 3/4 LED. 
The CLiPUTE combines the benefits of the present LED 
disp lay pane l mounting me thods and e limina tes the ir def
icie ncies. Requ ires no specia l too ls a nd installs in 6 seconds 
in . 250 " hole. Simple two-step insta ll a ti on. Just snap 
CliPlITE, inse rt LED. Ava ilabl e in transporent red, g reen, 
amber, c lear a nd ye ll ow. Sped fy co lors t any mix . 

5/11 

30V DIAC. Tiny g loss d iode for tri ggeri ng SCR's and 
triocs . Improve your firing circuit for more reliab le and 
repeatab le operations. At a froction of the O.E.M. 
pd ce Ii DIA- 0030 •• ... ..• • .•.... . . . .......... . 10/51 

MINIATURE POWER SUPPLY 
5V, .25A, P ~ C . mount ing module supplies logic 
vo ltage from 105-1 25VAC input, 50- 400HZ. Ultro
stab le and noise free wi th external trim capobi lity . 
Mode PMe. MM- 5BLl • •• •• •• . .. • SI5.95 

LIN EAR CONTRO L DATA BOOK 
T . 1. linear products da ta ond appl ica ti ons . Price includes 
shi pp ing c harge , U. S. on ly ... .... . . .... ..... •.. S4.25 
Outside U. S. , odd postage for 2 Ibs. 

NEW BOOK FROM NATI ONAL 
MOS LSI. Giant dota book fi li ed wi th spec ond apps 
on lorge sco le MOS ci rcu its from Not iona l Semiconductor 
Corporati on. Pri ce includes shipping in U .S. only ... S4.25 
Outside U. S ., odd pas toge for 2 Ibs. 

tRI-t€k, Inc. 
We pa y surface sh ipp ing on a ll orde rs over 510 US, 515 foreign in US funds . 
Please odd ex tra for fi rst c loss or air mo il. Excess will be re funded. Orders 
under 510, add 51 ha nd li ng . Please odd 50c insu ra nce. Moster charge a nd 
Bonk America cords welcome, (520 minimumL Te lephone orders may be placed 
lOAM to 5,30PM do;l y , Mon thru Fr;. Co il 602- 93 1- 452S. Check reoder 
service cord or send stomp for our lat es t f lye rs pocked wi th new and surplus 
e lec trcnic components . 

6522 nORt h 43Rb avenue. 
c;lenbale. aRizona 85301 

p hone 60'2 - 931 ' 6949 
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service card with your name and address. Then circle the appropriate numbers for the 
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BOMB Exploded 

We put BYTE's Ongoing Monitor Box on 
a postal card starting with the January issue 
in order to encourage responses . Never did 
we expect the BOMBsiide that resulted . 
Peter Travisano and Gregory Spitzfaden, 
who shared the staggering job of totalling 
the voluminous January responses, have 
emerged from the countinghouse to an
nounce that David M Allen , who wrote 
"Saturation Recording's Not All That 
Hard," and Terry Dollhoff, author of 
"Making Hash With Tables," were so close in 
the balloting that each will receive $100 for 
the top award, instead of our usual first and 
second place division of BOMB prizes.-



Key Into 
lVIaxi-Power @ lVficro-Prlce 

Micromind is an incredibly flexible. 
complete and expandable. hardware/ 
software. general purpose computer 
system. You won't outgrow it. 

Hardware includes an 80 key. software
definable keyboard. I/O interface board. 
6500A-series microprocessor (powerful 
enough for advanced computing). a high
detail graphics and character display 
processor, power supply. rf modulator. 
and connections for up to 4 tape recorders 
plus lV or monitor. An interconnect bus 

permits 15 additional microprocessors, 
parallel processing and vastly increased 
computing power. 

System software-including ECD's own 
notsoBASIC high level language, on 
advanced error-correcting tape cassettes 
-provides a word processing editor, a 

powerful assembler. a debugger. a file 
system, graphic routines, and peripheral 
handlers. We also include dynamic graphic 
games: Animated Spacewar and Life. 

ECD's standard Micromind Ji-M-65 
supplies 8K bytes of memory. Additional 

32K byte expansion boards and a mapping 
option give Micromind expandable access 
to 64 Megabytes. Utilizing software
controlled I/O channels. Micromind's 
advanced encoding techniques load data 
from ordinary tape recorders at 3200 
bits per second. 

Micromind comes to you ready-to-use, 
factory assembled and fully tested. Among 
microcomputers. it has the largest memory 
capacity and the fastest storage. You 're 
looking at the work of the finest display 
processor on the market. You won 't find a 
microcomputer with a more powerful CPU. 

You won't find a computer with a 
more flexible keyboard. You won't 

find anything to 
touch it at 

$987',54, 

So, quit the kluge scene and key into 
Micromind. You'll be a main frame per
former, with all the comforts of home. 
We're not fooling .. . this ~ the cat's Ji-! 

ECD CORP. 
196 Broadway, Cambridge, Mass. 02139 
(617) 661-4400 

€C]) 
r-----------------------, 
I Name I 
I I Address __________________________ ____ _ I 

I 
I 
I 

: City/ State ____ _ _______ Zip ____ _ 

I 
I 
I 

o Fantastic! Check enclosed : $987.54. Shipping paid byECD I 
o BankAmericard 0 Master Charge Mass. Resident add 5% Sales Tax I 

I # - - - - - - - - - Expiration Date ----- - I 
I 

I Signature I 
IL 0 Send me your brochure. b I 
-------------_ _ ______ ~_J 

Actual unretouched photographs. 
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